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CHAPTER  XLVI 

ALTERNATING  CURRENTS 


The  word  "  alteniatixig "  is  used  with  a  large  nxunber  of 
electrical  and  magnetic  quantities  to  denote  that  their  magni* 
tudes  vary  continuously,  passing  repeatedly  thxx>ugh  a  definite 
cycle  of  values  in  a  d^nite  interval  of  time. 

As  applied  to  the  flow  of  electricity,  an  alternating  current  may 
be  defined  as:  A  current  which  reverses  its  direction  in  a  periodic 
manner^  rising  from  zero  to  maximum  ^irength^  returning  to  wero^ 
and  then  going  through  similar  variations  in  strength  in  the  opposite 
direction;  these  changes  comprise  the  cycle  which  is  repeated 
with  great  rapidity. 

The  properties  of  alternating  currents  are  more  complex  than  those 
of  continuous  currents,  and  their  behavior  more  difficult  to  predict 
This  arises  from  the  6u:t  that  the  magnetic  effects  are  of  far  more 
importance  than  those  of  steady  currents.  With  the  latter  the  mag- 
netic effect  is  constant,  and  has  no  reactive  influence  on  the  current 
when  the  latter  is  once  established.  The  lines  of  force,  however,  produced 
by  alternating  currents  are  changing  as  rapidly  as  the  current  Itself, 
and  they  thus  induce  electric  pressures  in  neighborinjg;  circuits,  ami 
even  in  adjacent  parts  of  the  same  circuit.  This  inductive  influence  in 
alternating  currents  renders  their  action  very  different  from  Uiat  of 
continuous  current. 

Quea.  What  are  the  advantages  of  alternating  current 
over  direct  current? 

Ans.    The  reduced  cost  of  transmission  by  use  of  high  voltagei 
and  transforsners.  greater  simplicity  of  generators  and  xsiss^jcsni 
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facility  of  transforming  from  one  \x>ltage  to  another  (either 
higher  or  lower)  for  different  purposes. 

The  size  of  wire  needed  to  transmit  a  given  amount  of  electrical  energy 
(watts)  with  a  given  percentage  of  drop,  beii^  inversdy  proportionai 
to  the  square  of  the  voUage  employed,  the  great  saving  in  copper  by  the  use 
of  alternating  current  at  high  pres  sure  must  be  apparent.  Tliis  advantage 
can  be  realized  either  by  a  saving  in  the  wei^t  of  wire  required,  or  by 
transmitting  the  current  to  a  greater  distance  with  the  same  weagfat  of 
copper. 

In  alternating  current  electric  lighting,  the  primary  voltage  is  usually 
at  least  1,000  and  often  2,000  to  10,000  volts. 

Ques.  Why  is  alternating  current  used  instead  of 
direct  current  on  constant  pressure  lighting  circuits? 

Ans.  It  is  due  to  the  greater  ease  with  which  the  current 
can  be  transformed  from  higher  to  lower  pressures. 

Ques.    How  is  this  accomplished? 

Ans.  By  means  of  simple  transformers,  consisting  merdy 
it  two  or  more  coils  of  wire  wound  upon  an  iron  core. 

Since  there  are  no  moving  parts,  the  attention  required  and  the  likeli- 
hood of  the  i^)paratus  getting  out  of  order  are  small.  The  £^>paratus 
necessary  for  du-ect  current  consists  of  a  motor  dynamo  set  which  is 
considerably  more  costly  than  a  transformer  and  not  so  efficient. 

Ques.  What  are  some  of  the  disadvantages  of  alter- 
nating current? 

Ans.  The  high  pressiu^  at  which  it  is  used  renders  it  danger- 
ous, and  requires  more  eflBcient  insulation;  alternating  current 
cannot  be  used  for  such  purposes  as  electroplating,  charging 
storage  batteries,  etc. 

677771  A 

Alternating  Current  Principles. — In  the  operation  of  a 
direct  current  generator  or  dynamo,  as  explained  in  Chapter 
XIII,  alternating  currents  are  generated  in  the  arrc\a\Aiie  ^"vivc^Sqs^ 
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and  are  diaaged  into  direct  curi^ent  by  the  actioii  of  the  oom- 
nratator.  It  was  therefore  necessary  in  that  chapter,  in  pre- 
senting the  basic  principles  of  the  dynamo,  to  eqdain  the 
generation  of  alternating  currents  at  length,  and  the  graphic 
method  of  rqnesenting  the  alternating  current  cyde  by  the 

In  order  to  avoid  unnecessary  repetition,  the  reader 

D 


/ 


\  NATURAL  SIHE  or  AN6LE<^; 


Picl.219 — DiagnuB  Qhutradng  the  tine  of  an  angle.  In  order  to  tmderttand  the  doe  cixrra. 
it  is  neoeanry  to  know  the  meaning  of  the  nne  of  an  angle.  This  it  d^ned  as  tk^  ratio 
of  Ike  perptrndicniar  Ul  foil  pom  cny  point  in  ofM  side  of  the  angle  to  the  other  side  divided 
by  the  hypotenuse  of  the  tn^n^  ttuu  fonmed.  For  instance.  In  the  diagram,  let  AD 
and  AS  be  the  two  sidea  of  the  anirie  ^,  and  DB  a  perpendicular  let  fall  from  any  point 
D  of  the  nde  AD  to  the  other  aide  AB.  Then,  the  sine  of  the  angle  (written  sin^)  -  DB 
•I-  AD.  It  is  evident  that  if  the  perpendicular  be  let  fall  at  a  unit's  distance  from  the 
apes  A,  as  at  B. 

Tfaia  line  BC  is  called  the  natural  sine  of  the  an^.  and  its  yalues  for  difEerent  angles  are  given 
in  the  table  on  page  451, 

should  carefully  review  the  above  mentioned  chapter  before 
continuing  further.  The  diagram  fig.  168,  showing  the  con- 
struction and  application  of  the  sine  curve  to  the  alternating 
current,  ishoweverforconvenienoehereshown  eniax^|bd^^A^\!S\« 
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In  the  diagram  the  various 
alternating  current  terms 
are  graphically  defined. 

The  alternating  cturent, 
as  has  been  explained, 
rises  from  zero  to  a  maxi- 
mum, falls  to  zero,  reverses 
its  direction,  attains  a  max- 
imum  in  the  new  direction, 
and  again  returns  to  zero; 
this  comprises  the  cycle. 

This  series  of  changes 
can  best  be  represented  by 
a  curve,  whose  abscissae 
represent  time,  or  degrees 
of  armature  rotation,  and 
whose  ordinates,  either 
current  or  pressure.  The 
ciu^e  usually  chosen  for 
this  purpose  is  the  sine 
curve,  as  shown  in  fig. 
1,218,  because  it  closely 
agrees  with  that  given  by 
most  alternators. 

The  equation  of  the  sine 
curve  is 

y  =  sin^ 

in  which  y  is  any  ordinate, 
and  *t>,  the  angle  of  the 
corresponding  position  of 
the  coil  in  which  the  cur- 
rent is  being  generated  as 
illustrated  in  fig.  1,220. 
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Ques.    What  Is  an  alt€Tnatlon? 

Ans.  The  changes  which  the  current  undergoes  in  rising 
from  zero  to  marimum  pressure  and  returning  back  to  zero; 
that  is,  a  single  positive  or  negative  "  wave"  or  half  period,  as 
shown  in  fig.  1,221. 


Ques.    What  is  the  amplitude  of  the  current? 

Ans.     The  greatest  value  of  the  current  strength  attained 
diuing  the  cycle. 

The  forgoing  definitions  arc  also  illustrated  in  fig.  1,21S. 
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Ques.    Define  the  term  "  period." 

Ans.    This  is  the  time  of  one  cycle  of  the  alternating  current. 
Oues.    What  is  poiodlclty? 

Ans.    A  term  sometimes  used  for  frtqutncy. 


Frequency. — If  a  slowly  varying  alternating  current  be  passed 
through  an  incandescent  lamp,  the  filament  will  be  seen  to  vary 
in  brightness,  following  the  chat^ie  of  current  strength.     If, 
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cycles  ptr  Hctmd  iivqiul  '~  '""  ~ 
Himsfrer  of  pdUiptr  pkas4 
enginfi;  on»-bjUl  the  nun 


lag  ftetuency.     Th«  fnquoicy  or 
lir  itcavt  rmullitUd  by  oM-luff  Oh 


ud  dividJog  bj  60, 


however,  the  alternations  take  place  more  rapidly  than  about 
50  to  60  per  second,  the  eye  cannot  follow  the  variations  and  the 
lamp  appears  to  bum  steadily.  Hence  it  is  important  to  consider 
the  rate  at  which  the  alternations  take  place,  or  as  it  is  called, 
the  frequency,  which  is  defined  as :  ihe  number  of  cycles  pet  second. 
In  a  two  pole  machine,  the  frequency  is  the  same  as  the  number 
of  revolutions  per  second,  but  in  multipolar  machines,  it  is 
^/isaixa- ia  DTopmHoD  tp  t)i9  number  oij>airs  of  poles  per  phase. 
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If  th«  speed  be  900  revolulioaa  per  minute,  the  frequm^  is 
The  Bymbd  ^^  is  read  "  cydes  per  wcood. " 

Ques.    What   frequencies    are    used    in    commercial 
machines? 

Ans.     The  two  standard  frequencies  are  26  and  60  cycles. 


be  high.     Itiscvidcot 


ths  queRlon:  Wliy  Bra  »ttemiton  alwi 

„__ , ic«n«BitiideiirablBthit  lh«(rr "• 

fisure  that  to  obt«iix  high  bcqatncy  would  nQuii. ^ . .  _ 

Of  M.  bipolar  nuctdoe  for  nMchanical  nfctr — opecialLy  la  Urge  aLtenu 

'  labu  nducHm  gnu  in  moat  caaea  would  be  necaaaary,  adding  complio 

Comparing  tha  abov«  UhutnttlaD  with  fig.  1,223,  ihowi  plainly  the  n 


Ques.    FcM"  what  service  are  these  frequencies  adapted? 

Ans.  The  25  cyde  frequency  is  used  for  conversion  to  direct 
current,  for  alternating  current  railways,  and  for  machines  of 
large  size;  the  60  cycle  frequency  is  used  for  general  distribution 
for  lighting  and  power. 

The  frequency  of  40  cycles,  which  once  was  introduced  as  a  com- 
promise between  25  and  60  has  been  found  not  desirable,  as  it  is  some- 
irtiat  low  for  Keneral  distiibutioD,  and  bighec  than  dssuabV^  i<3t  c»&> 
vtraicm  to  dinvt  cumat. 
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Ques.  V 
the  adiwni 
low  frequem 

Ans.  The 
revolutions  o 
is  correspond 
arc  lamps  cai 
readily  opera' 
pressure  r  ej 
small  motors 
fan  motors  ca 
atcd  more  » 
the  circuit. 

Phase. — A; 

to  an  altcm 
rent,  phase  c 
angle  turned 
the  genera  tin 
reckoned  jron 
instant.  Pha 
ally  measured 
from  the  initi 
of  zero  generi 

If  in  the 
1.225,    the 

generating 
the  curve 
be  the  sim 
resenting 
then  the  t 
point  f  will 
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Ques.    What  is  phase  difference? 

Ans.     The  an^Ic  between  the  phases  of  two  or  more  alternating 
current  quantities  a;  measured  in  degrees. 
Ques.    What  is  phase  displacement? 
Ans.     A  change  of  phase  of  an  altematii^  pressure  or  current. 

-ALTHRNATORNa: 


ifl  uul  1X!7. — Uimgma  add  da* 
Euton.  with  coUm  in  Mrnlld  pUrica,  be  made 

Ihonwilh  chun  drive ^— ■ 

the  Bltfmaiine  pra.™ 


ans,  they  will  thtn  be  "in  tv"'')™"'""  "  '•" 

take  place  wnh  the  same  frequency  *nd  at  the  i 

■-"■--'-  -"      1.2&.     ItihouldbBn 


Synchronism. — This  term  may  be  defined  as:  the  simiU- 
taneous  occurrence  of  any  two  events.  Thus  two  alternating  cur- 
rents or  pressures  are  said  to  be  "  in  synchronism  "  wh^n  tkty 
have  the  same  frequency  and  are  in  phase. 

Ques.    What  does  the  expression  "  In  phase  "  mean?       , 

Ans.     Two  alternating  quantities  are  said  to  be  in  ^baa^ 
when  there  is  no  phase  different^  between-,   that  'la  ^>aa!Q.  ^ 
seqaalsxeto. 
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Thus  the  current  is  said  to  be  in  phase  with  the  pressure  when  it 
neither  la^  nor  leads,  as  in  fig.  1,228. 

A  rotating  cylinder,  or  the  movement  of  an  index  or  trailing  arm  is 
brotight  into  synchronism  with  another  rotating  cylinder  or  another 
index  or  trailing  arm,  not  only  when  the  two  are  moving  with  exactly 
the  same  speed,  but  when  in  addition  they  are  simultaneously  moving 
over  similar  portions  of  their  respective  paths. 


IMULTANE0U5  MAXIMUM  VMAISli 


'eimRENT  NCrrHER  LA6S  NOK  LEXDS 


Pic  1.2S8 — ^Pressure  and  cttrrent  curves  fllttstratin||  the  term  "in  phase."    The  current 
ii  laid  to  be  in  pkaa§  with  the  preeture  when  it  nntktr  lags  nor  l»ads. 

When  there  is  phase  difference,  as  between  current  and 
pressure,  they  are  said  to  be  **  out  of  phase  "  the  phase  difference 
being  measured  as  in  fig.  1,229  by  the  angle  0. 


«P§fKfaP?5S=| 


KEAumcD  m  DCfmxt 


Fig.  1,220 — Pressure  and  current  curves  illustrating  the  term  "out  of  phase."  The  current 
is  said  to  be  out  of  ph*se  with  the  pressure  when  it  eilker  lags  or  leads,  that  is  when  the 
current  is  not  in  synchronism  with  the  pressure.  In  practice  the  current  and  pressure 
are  nearly  always  out  of  phase. 

When  the  phase  difference  is  90**  as  in  fig.  1,231  or  1,232,  the  two 
alternating  quantities  are  said  to  be  in  quadrature;  when  it  is  180**,  as 
in  fig.  1,233,  they  are  said  to  be  in  opposition. 

A^en  they  are  in  quadrature,  one  is  at  a  maximum  when  the  other 
is  at  zero;  when  they  are  in  opposition,  one  reaches  a  positive  maximiun 
when  the  other  reaches  a  negative  minimum,  being  at  each  instant 
opposite  in  sign. 


Ques.    What  is  a  departure  from  synchronism  called? 

^Ajxs.     Loss  ot  synchronisiTL 
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Maximum  Volts  and  Amperes. — In  the  operation  of  an 
alternator,  the  pressure  and  strength  of  the  current  are  con- 
tinually rising,  falling  and  reversing.  During  each  cycle  there 
are  two  points  at  which  the  pressure  or  current  reaches  its 
greatest  value,  being  known  as  the  maximum  value.  This 
maximum  value  is  not  used  to  any  great  extent,  but  it  shows  the 
maximum  to  which  the  pressure  rises,  and  hence,  the  greatest 
strain  to  which  the  insulation  of  the  alternator  is  subjected. 


WfSWK'lWL^ 


?ia.  1.231. — ElemeoUry  aJtetnator  dtveloplna  one  i 
iifm  per  vecond.  and  the  mnximuin  Dumber  of 
puitKia  sboWQ  (the  lero  poiiiion)  be  denoted  I 


vengevolt.    Ifth 


loop  make  one  revaln. 
loop  in  the 
"J  lines  per 

.    .  -,   .         .,    -         _  ^Ihe&ft 

»weep.     Meoco  eacn  limb  develops  an  sverage  pressure  of  2N  un'       * 

and  u  both  limbs  are  connecled  in  series,  the  total  pressure  is  4N  u 
Now.  if  the  loop  make/  levulmions  prr  ncaad  insteaJpf  only  one,  lh< 

iXch  iseq™"o\oO?000^.  or"io"  'C.GS.  unit™is  employed.    Hence 
4Nf  +  10«.    The  value  of  N  in  actual  machines  is  very  high,  being  » 

volt.    Tin  manimum  pressure  developed  is  1  +  .837  -  1.57  volts;    vini^'pi 
1.57  X. 707  -  l.llvolu. 


cut  2N  lines 
durina  the  lef 
1  (CG.S.  unit.) 

SinreVhe'dlc"^ 
d  theinllisused. 
'erige  voltage  — 
eral  millionliDH 


Average  Volts  and  Amperes. — Since  the  sine  curve  is  used 
to  represent  the  alternating  current,  the  average  value  may  be 
defined  as:  the  average  of  all  the  ordinates  of  the  curve /or  one-hat) 
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Ques.    Of  what  use  is  the  average  value? 

Ans.  It  is  used  in  some  calculations  but,  like  the  maximum 
vahie,  not  very  often.  The  relation  between  the  average  and 
virtual  value  is  of  importance  as  it  gives  the  form  factor. 

Virtual  Volts  and  Amperes. — The  virtual*  value  of  an 
alternating  pressure  or  ciirrent  is  equivalent  to  that  of  a  direct 
pressure  or  current  uAtcA  would  produce  the  same  effect;  those 


^ects  of  the  pressure  and  current  are  taken  which  are  not 
affected  by  rapid  changes  in  direction  and  strength, — in  the 
case  of  pressure,  the  reading  of  an  electrostatic  voltmeter,  and 
in  the  case  of  current,  the  heating  effect. 

•  NOTE.— "I  kdhcre  to  the  Una  tJrfiwI,  u  it  wu  la  u<c  before  tbe  term  ijKfiKf  which  WM 
*ieoofiimeadeil  in  1S89  by  tlie  Peria  Connieu  to  denote  the  t^itart  root  c^  mrait  sq$t^"™i"' 
The  coiteeponding  Englitfl  etljvctive  U  tficodouj;  but  Bome  engineen  miitruiiUt^  it 
■Ofd  tfitOrt.     I  adh«  to  the  term  nriual  nuinly  becauK  the  adjective  tgictivt  ii  ivc 

he  uiual  mf*"'''g  in  Idnematiet  to  nprewnt  tlw  renlved  put  cf  ■  force  which  *cts  o 

to  the  line  of  modaB,  tlie  cflectivs  force  beins  the  whole  f  oc»  multipUed  by  the  codne  < 
»i»gU  at  which  It  acti  with  reject  to  the  dlnction  of  molion.  Some  autbon  see  ttui  ai 
A»  'R.  U.  8.  Talae"  <—— t-g '  root  mean  iquare')  to  deoota  the  vlrtaal  ot  iinMlnttb 
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The  attraction  (or  re- 
pulsion) in  electrostatic 
voltmeters  is  proportional 
to  the  square  of  the  volts. 

The  readings  which 
these  instruments  give,  if 
first  calibrated  by  using 
steady    currt-nts,    are    not 


Now  the  mean  of  the 
squares  of  the  sine  (taken 
over  either  one  quadrant  or 
a  whole  circle)  is  j;  hence 

square  value  of  the  sine 
functions  is  obtained  by 
multiplying  their  tnaximum 
value  by  1  -i-  V  2,  or  by 
0.707. 

The  arithmetical  mean 
ot  the  values  of  the  sine, 
however,  is  0,637.  Hence 
ixa  alternating  .:urrent,  if  it 
obey  the  sine  l^w,  will  pro- 
duce a  heating  effect  greater 
than  that  of  a  steady  cur- 
rent of  the  same  average 
strength,  by  the  ratio  of 
0,707  to  0.G37:  that  is, 
about  1,11  times  greater. 

IE  a  Cardew  voltmeter 
be  iilricvd  Lii\  [ill  alternating 
circuit  in  which  the  volts 
are  oscillating  between 
iTirixim.n.l"+  IWand-lOO 
volts,  it  will  read  70 , 7  volts. 
though  the  arithmetical 
mean  is  really  only  63,7; 
and  70, 7  steady  volts  would 
be  required  to  produce  an 
equal  reading. 
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The  matter  mav  be  lodied  at  in  a  different  way.  If  an  altenutiiig 
current  is  to  produce  in  a  given  mre  the  same  amount  of  eSect  aa  a  ' 
continuous  current  of  100  amperes,  since  the  alternating  current  goes 
down  to  zero  twice  in  each  period,  it  is  clear  that  it  must  at  some  point 
in  the  period  rise  to  a  maximum  greater  than  100  amperes.  How  much 
greater  must  the  TnaTirrnirrt  be?  The  answer  is  that,  if  it  undulate 
up  and  down  with  a  pure  wave  form,  its  maxunum  must  be  V2  times 
as  great  as  the  virtual  mean ;  or  conversely  the  virtual  amperes  will 
be  equal  to  the  maximum  divided  by  V2.  In  fact,  to  produce  equal 
effect,  the  equivalent  direct  current  will  be  a  land  of  mean  between  the 


kLTENKATOa 

WKrcTKNCE 

COIL 

nc  1 JST.— Duerun  Uluitntlafl  tirlaal  lud  iftclitt  pnmre.    If  tba  coit  bs  itaort  dmiUd 

br  the  iwitch  and  ■  conitiiBt  virtiul  pronin  be  impriHed  on  the  dnnilt.  tha  whole  ol 

toe  impnaied  prcoum  will  b«  effective  in  CAiutofl  cunmt  to  flov  around  tbe  circuit. 

Intbii  cua  the  virtual  snd  eSotlve  jimgura  will  be  equil.    If  the  «ii1  be  twitched  Into 

dfntive  preHure  (which  ii  the  dlKercnce  between  tlie  virliul  and  revene  pn«um)'wlU 
be  reduced,  the  vlrtuel  or  ImpreHed  preunce  tenuininff  conitont  kll  the  time.  A  ^rtuoJ 
snmit  u  IkU  indicalfd  by  an  ammiltr  reianllai  of  Iht  fihait  rclatioH  bittern  atrraU  ai«t 
in  effective  currenl  ii  (Jut  iniiaui  by  an  ammtUr  vAn  Iht  fiirro 
■     ■Ml/ ever  in  pi 


with  tha  frtisurt.    In  practice,  thecurrent  is  hanlfv  ever  in  phase  with  the  preHure.utujiUr 
""WT^gi  though  aomeliniea  leading  In  phaae.    Now  the  ereater  thii  phase  differeace.  elthet 

wmy,  the  leaa  is  tha  powe — '  -  — -"-' — '  — "  "~  ''"  ' ''     ""-^ '  *~  -»-'- 

fMtare.  effective  euffen  t  n 


.    With  respect  tt 


maximum  and  the  teto  value  of  the  alternating  current;  but  it  must 
not  be  the  arithmetical  mean,  nor  the  geometncal  mean,  nor  the  har- 
monic mean,  but  the  quadratic  mean;  that  is,  it  will  be  the  iquare  root 
of  At  mean  of  the  igyaret  of  all  the  instantaneous  valoes  between  zero 


^ective  Volts  and  Amperes. — Virtual  pressure,  although 
already  explained,  may  be  further  defined  as  the  pressure 
imprtsstd  on  a  circuit.    Now,  in  nearly  all  dictuts  XUe  uxiV^tx^K^ 
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or  virtual  pressure  meets  witfh  an  opposing  pressure  due  to 
inductance  and  hence  the  effective  pressure  is  something  less 
than  the  virtual,  being  defined  as  that  pressure  which  is 
available  for  driving  electricity  around  the  circuit,  or  for  doing 
work.  The  difference  between  virtual  and  effective  pressure  is 
illustrated  in  fig.  1,237. 

Ques.  Does  a  given  alternating  voltage  aflFect  the 
insulation  of  the  circuit  differently  than  a  direct  pressure 
of  the  same  value? 

Ans.  It  puts  more  strain  on  the  insulation  in  the  same 
proportion  as  the  maximtmi  pressure  exceeds  the  virtual  pressure. 


Pig.  1,238.— Coirent  or  pressure  curve  illustrating  form  factor.    It  is  simply  tht  virtual  valne 

divided  by  the  average  value.   For  a  sine  wave  the  virtual  value  is  --r=  times  the  maximum,  and 

V  2 

2  ^ 

the  average  is  —  times  the  maximtim,  so  that  the  form  factor  is  — -=or  1.11.   The  induction 
'T  2V2  ^ 

wave  which  generates  an  alternating  pressure  wave  has  a  maximum  value  proportional  to 
the  area,  that  is,  to  the  average  value  of  the  pressure  wave.  Hence  the  induction  values 
corresponding  to  two  pressure  waves  whose  virtual  values  are  equal,  will  be  inversely 
proportional  to  their  form  factors.  This  is  illustrated  by  the  fact  that  a  peaked  wave 
causes  less  hysteresis  loss  in  a  transformer  core  than  a  nat  topped  wave,  owing  to  the 
higher  form  factor  of  the  peaked  wave.     See  wave  forms,  figs.  \,2A5  t  o  1,248. 


Form  Factor, — This  term  was  introduced  by  Fleming,  and 
denotes  the  ratio  of  the  virtual  value  of  an  alternating  wave  to 
the  average  value.     That  is 


form  factor  = 


virtual  value  _  .707 
average  value     .637 


=  1.11 
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Ques.    What  does  this  hidlcate? 

Ans,     It  gives  the  relative  heating  effects  of  alternating  and 
direct  currents,  as  illustrated  in  figs.  1,239  ard  1,240. 

That  is,  the  a]  tema  ting  current  will  have  about  II  percent,  more  heat- 
ing power  than  the  direct  current  which  is  of  the  same  avenxge  strength. 

if  an  alternating  current  voltmeter  be  placed  upon  a  circuit  in  vmch 
the  volts  range  from  +100  to  -100,  it  will  read  70.7  volts,  although 
the  arithmetical  average,  irrespective  of  +  or  —  sign,  is  only  63.7  volts. 
If  the  voltmeter  be  connected  to  a  direct  current  circuit,  the  pressure 
Y  to  give  the  same  reading  would  be  70.7  volts. 
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Ques.    What  is  the  relation  between  the  shape  of  the 
wave  curve  and  the  form  factor  ? 

Ans.     The  more  peaked  the  wave,  the  greater  the  value  of 
its  form  factor. 
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Pigs.  1.241  to  1,244. — Various  forms  of  pressure  or  current  waves.    Figs.  1,241  to  1*248  diow 

the  general  shape  of  the  waves  produced  by  some  alternators  used  lai^hr  for  l^tiog 

work  and  having  toothed  armatures.    The  ^ect  of  the  slots  and  shape  of  pole 

here  very  marked.    Fig.  1.244  shows  a  wave  characteristic  of  large  alternators 

Jorjtower  trujsmisstoa  and  having  znulti-slot  or  distributed  windings. 
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Wave  Form. — There  is  always  more  or  less  irregularity  in 
the  shape  of  the  current  waves  as  met  in  practice,  depending 
upon  the  construction  of  the  alternator. 

The  ideal  wave  curve  is  the  so  called  true  sine  wave,  and  is 
obtained  with  a  rate  of  cutting  of  lines  of  force,  by  the  armature 
coils,  equivalent  to  the  swing  of  a  pendulum,  which  increases 


mz 


Ptgs.  1,245  and  1,246. — Resolution  of  complex  curves  into  sine  curves.  The  heavy  curve  can 
be  reserved  into  the  simpler  curves  A  and  B  shown  in  No.  1.  the  component  curves  A  and 
B  have  in  the  ratio  of  three  to  one;  that  is,  curve  B  has  three  times  as  many  periods  per 
Mcond  as  curve  A.  All  the  curves,  however,  cross  the  sero  line  at  the  same  time,  and  the 
resultant  curve,  though  curiously  imlike  either  of  them,  has  a  certain  symmetry.  In  No.  2 
the  component  curves,  besides  having  i>eriods  in  the  ratio  of  three  to  one,  cross  the  zero 
Une  at  different  jioints.  The  resultant  curve  produced  is  still  less  similar  to  its  components, 
and  is  curiously  and  unsjrmmetrically  humped.  At  first  sight  it  is  difficult  to  believe  that 
such  a  curious  curve  could  be  resolved  into  two  such  simple  and  8)rmmetrical  ones.  In 
both  figures  the  component  curves  are  sine  curves,  and  as  the  curves  for  sine  and  cosine 
functaOQS  are  esuictly  similar  in  form,  the  simplest  supposition  that  can  be  made  for  the 
▼ariAtion  of  jvessurs  or  of  current  is  that  both  follow  a  sine  law. 


m  Speed  from  the  end  to  the  middle  of  the  swing,  decreasing  at 
the  same  rate  after  passing  the  center.  This  swing  is  expressed 
in  physics^  as  "simple  hormonic  motion." 
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The  losses  in  all  secondary  apparatus  are  slightly  lower  with 
the  so  called  peaked  form  of  wave.  For  the  same  virtual  volta;^'e, 
however,  the  top  of  the  peak  will  be  much  higher,  thereby  sub- 
mitting the  insulation  to  that  much  greater  strain.  By  reason 
of  the  fact  that  the  losses  are  less  under  such  wave  forms,  many 
manufacturers  in  submitting  performance  data  on  transformers 
rcdte  that  the  figures  are  for  sine  wave  conditions,  stating 
further  that  if  the  transformers  are  to  be  operated  in  a  circuit 
more  peaked  than  the  sine  wave,  the  losses  will  be  less  than 
shown. 

The  slight  saving  in  the  losses  of  secondary  apparatus,  obtained 
with  a  peaked  wave,  by  no  means  compensates  for  the  increased 
insulation  strains  and  an  alternator  having  a  true  sine  wave  is 
Pi 


Ques.    What  determines  the  form  of  the  wave  ? 

Ans.     1.  The  number  of  coils  per  phase  per  pole,  2,  shape  of 
pole  faces,  3,  eddy  currents  in  the  pole  pieces,  and  4,  the  air  gap. 

Ques.    What  are  the  requirements  for  proper  rate  of 
cutting  of  the  lines  of  force? 

Ans.     It  is  necessary  to  have,  as  a  minimum,  two  coils  per 
phase  per  pole  in  three  phase  work. 

Oues.  What  is  the  effect  of  only  one  coil  per  phase  per 
pole? 

Ans.     The  wave  form  will  be  distorted  as  shown  in  fi^,  1,247. 

Ques.  What  is  the  least  number  of  coils  per  phase 
per  pole  that  should  be  used  for  two  and  three  phase 
alternators? 

Ans.  For  three  phase,  two  coils,  and  for  two  i)hasc,  three 
ooils»  per  phase  per  pole. 
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Single  or   Monophase 

Current. —This  kind  of 
alternating  current  is  gen- 
erated by  an  alternator 
having  a.  single  winding  on 
its  armature.  Two  wires,  a 
lead  and  return,  are  used 
as  in  direct  current. 

An  elementary  digram 
showing  the  working  prin- 
ciples is  illustrated  in  fig. 
1,249,  a  similar  hydraulic 
cycle  being  shown  in  figs. 
1.250  to  1,252. 


Two  Phase  Current.— 

In  most  cases  two  phase 
current  actually  consists  of 
two  distinct  single  phase 
currents  flowing  in  separate 
circuits.  There  is  often  no 
electrical  connection  be- 
tween them;  they  are  of 
equal  period  and  equal 
amplitude,  but  differ  in 
phase  by  one  quarter  of  a 
period.  With  this  phase 
relation  one  of  them  will 
be  at  a  maximum  when 
the  other  is  at  zero.  Two 
phase  current  is  illustrated 
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CEnrmmifiAL 
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NAXIMUM  VELOOTY-^ 


SINGLE  PHASE  ALTERNATIN6  CURRENT 


MAXIMUM  VELXKITY 
REVERSE  DIRECTION 


1,250  to  1,252. — Hydraulic  analogy  illustrating  the  diflference  between  direct  (continuous) 
and  alt€matini  current.  In  fig.  1,250  a  centrifugal  pump  C  forces  water  to  the  upper 
p^,  fiom  which  it  falls  by  gravity  to  the  lower  pipe  B  and  re-enters  the  pump.  The 
cnrreot  is  continuous,  always  flowing  in  one  direction,  that  is,  it  does  not  reverse  its  direc- 
tion. Similarly  a  direct  electric  current  is  constant  in  direction  (does  not  reverse), 
thoogfa  not  necessarily  constant  in  value.  A  direct  current,  constant  in  both  value  and 
direction  as  a  result  of  constant  pressure,  is  called  "continuous"  current.  Similarly  in 
the  figure  the  flow  is  constant,  ana  a  gauge  D  placed  at  any  point  will  register  a  constant 
pwure,  hence  the  current  may  be  called,  in  the  electrical  sense,  "continuous."  The 
conditions  in  fig.  1,251  are  quite  different.  The  illustration  represents  a  double  acting 
cyfinder  with  the  ends  connected  by  a  pipe  A,  and  the  piston  driren  by  crank  and  Scotch 
yxAat  as  shown.  In  operation,  if  the  cylinder  and  pipe  be  full  of  water,  a  current  of  water 
win  beain  to  flow  through  the  pipe  in  the  direction  mdicated  as  the  piston  begins  i^s  stroke, 
iacreaamg  to  ma»imiim  velocity  at  one-auarter  revolution  of  the  crank,  decreasing  and 
oaming  to  rest  at  one-half  revolution,  tnen  reversing  and  reaching  maximimi  velocity 
fai  the  wverie  direction  at  three-quarter  revolution,  and  coming  to  rest  again  at  th^et^d  qI 
the  retnni  ttrc^ttt.  A  pcviture  gauge  at  G  will  register  a  pressure  wY^cb  v«Ln«s  '<«\^  "Ccv^ 
cvmt.  Shx«  th«  al^uimHag  etecmc  cnment  undergoes  slndkar  cbanaes,  \.>ve  ^nxi^  cox>9«. 
^im^g4r^Q[''^rM9maatotb§paiop  cycio  aa  to  the  altemathis  convDt  cv^- 
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by  sine  curves  in  fij- 
1,253,  and  by  hy- 
draulic analogy  in 
figs.  1,254  and  1,255. 

If  two  identical 
simple  alternators 
have  tfaeir  armature 
shafts  coupled  in  such 
a  manner,  that  when 
a.  given  armature  coil 
on  one  is  directly 
under  a  field  pole,  the 
corresponding  coil  on 
the  other  is  midway 
between  two  poles  of 
its  field,  the  two  cur- 
rents generated  wiB 
differ  in  phase  by  B 
half  alternation,  and 
will  be  two  phttae 
current.  ?, 


Ques.  How  must 
an  alternator  be 
constructed  to 
generate  two  phase 
current? 

Ans.  Itmusthavft 
two  independent 
wiridings,  and  these 
must  be  so  spaced 
out  that  when  the 
volts  generated  in 
one  of  the  two  phases 

those    ^etvertofii  \\t 
the  o^flssc  aiaBXifis" 
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In  other  words,  the  windings,  which  must  be  alike,  of  an  equal  number 
of  turns,  must  be  displaced  along  the  armature  by  an  angle  correspond- 
ing to  one-quarter  of  a  period,  that  is,  to  half  the  pole  pitch. 
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Rigs.  1.254  and  1*255. — ^Hydraulic  analogy  Qlustimting  two  phase  altemating  curreat.  In  the 
figure  two  cylindera,  similar  to  the  one  in  fig.  1,251,  are  shown,  operated  from  one  shaft 
by  crank  and  Scotdi  yoke  drive.  The  cranks  are  at  00*  as  shown,  and  the  cnrlinders  and 
connecting  pipes  fidl  of  water.  In  operation,  the  same  C3rcle  of  water  flow  takes  place  at 
in  fig.  1,251.  Since  the  cranks  are  at  90*.  the  second  piston  is  one-half  stroke  benind  tha 
first;  the  flow  of  water  in  No.  1  (phase  A)  is  at  a  maxfaiam  when  the  flow  in  No.  2  (sham 
B)  comes  to  rest,  the  current  conditions  in  both  pipes  for  the  entire  cycle  being  represented 
fay  the  two  sine  curves  whose  phase  difference  is  90*.  Comparing  ^eae  cnrvw  iHth  fig. 
l;253.  it  will  be  seen  that  the  water  and  electric  current  act  in  a  nnilar  manner. 


The  windings  of  the  two  phases  must,  of  course,  be  kept  separate, 
hence  the  .armature  will  have  four  terminals,  or  if  it  be  a  revolving 
armature  it  will  have  four  collector  rings. 

As  must  be  evident  the  phase  difference  may  be  of  am  value  beUrsto 
(f  and  300^,  but  in  practice  it  is  almost  always  toadeWT* 
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Ques.    In  what  other  way  may  two  phase  current  be 
generated? 

Ans.     By  two  single  phase  alternators  coupled  to  one  shaft. 

Ques.    How  many  wires  are  required  for  two  phase 
distribution? 


Ans.     A  two  phase  system  requires  four  lines  for  its  distribu- 

tion;  two  lines  for  each  phase  as  in  fig.  1,253.    It  is  possible,  but 

not  adfdsahle,   to  reduce  the  number  to  3,  by  employing  one 

rather  thicker  line  as  a  common  return  tor  eatV  ol  \!&6  iJnas«& 

^m£g.  1,256. 
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H  tim  be  dooe,  the  voltaic  between  the  A  line  «iid  the  B  line  w31  be 
equal  to  V~2  times  the  voltsge  in  either  phase,  and  the  current  in  the 
Hne  used  as  common  return  will  be  V2  times  as  great  as  the  cnrrcnt  in 
either  line,  assuming  the  two  currents  in  the  two  phases  to  be  equaL    ' 


Ques.    In  what  other  way  may  two  phase  current  be 
distributed? 

Ans.     The  mid  point  of  the  windings  of  the  two  phases  may 
be  united  in  the  alternator  at  a  common  junction. 


o  a  four  phase  alternator 


successive  quadrature  with  each  other. 


Ques.    How  are  two  phase  alternator  armatures  wound? 

Ans.     The  two  circuits  may  be  separate,  each  having  two 
crflector  rings,  as  shown  in  fig.  1,257,  or  the  two  circuits  may  be 
coupled  at  a  common  middle  as  in  Bg.  1,258,  or  the  two  circuits  . 
may  be  coupled  in  the  armature  so  that  only  three  ct^Iector 
lings  are  required  as  shown  in  fig.  1,259. 
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Three  I^ase  Current. — ^A  three  phase  current  consists  of 
three  alternating  currents  of  equal  frequency  and  amplitude, 
but  differing  in  phase  from  each  other  by  one-third  of  a  period. 
Three  phase  current  as  represented  by  sine  curves  is  shown  in 
fig.  1,260,  and  byhydraidic  analogy  in  fig.  1,262.    Inspection  of  the 


iting  three  ptuw  ilur. 
at  1^  magnetic  degrwt 
L  a  point  oiH-tbird  of  a 
■ idefendtnt 


i  In  fig.  1,260,  inBWad,tL_ _ 

e  loop»>  are  broughl  together  to  a  common  comiection  aa  ihowr, 
onnected  to  the  coUectDr  ring),  giving  onij  tbitc  wim  tot  the 
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figures  will  show  that  when  any  one  of  the  currents  is  at  its 
maxtmum,  the  other  two  are  of  half  their  maximum  value, 
and  are  flowing  in  the  opposite  direction. 
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Pigs.  1 .262  and  1 .263. — Hydraulic  analogy  illustrating  three  phase  alternating  conent.  Three 
cyttnders  are  here  shown  with  pistons  connected  through  Scotch  voices  to  cranks  placed 
120*  apart.  The  same  action  takes  place  in  each  cylinder  as  in  toe  preceding  cases*  the 
only  dUEerenoe  being  the  additional  cylinder,  and  difference  in  phase  rdation. 


Ques.    How  is  three  phase  current  generated? 

Ans.  'It  requires  three  equal  windings  on  the  aLtesnMab^JOC 
annatmie,  and  they  must  be  spaced  out  over  its  svxriayee  so  %& 
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to  be  successively  ^  and  %  of  the  period  (that  is,  of  the  double 
pole  pitch)  apart  from  one  another. 


Ques.    How   many  wires 
distribution? 


are   used   for   three   phase 


Ans.     Either  six  wires  or  three  wires. 

Six  wires,  as  in  fig.  1,260,  might  be  used  where  it  is  desired  to  supply 
entirely  independent  circuits,  or  as  is  more  ustud  only  three  wires  are 
used  as  shown  in  fig.  1,261.  In  this  case  it  should  be  observed  that  if  the 
voltage  generated  in  each  one  of  the  three  phases  separately  £  (virtual) 
•olts,  the  voltage  generated  between  any  two  of  the  terminals  will  be 

equal  to  V  3  X  E.  Thus,  if  each  of  the  three  phases  generate  100 
volts,  the  voltage  from  the  terminal  of  the  A  phase  to  that  of  the  B 
phase  will  be  173  volts. 


ALTERNATOR 

FiG-  1,264. — Experiment  illustrating  self-induction  in  an  alternating  current  circuit.  If  an 
incandescent  lamp  be  connected  in  series  mth  a  coil  made  of  one  pound  of  No.  20  magnet 
wire,  and  connected  to  the  circuit,  the  current  through  the  lamp  will  be  decreased  due  to 
the  self-induction  of  the  coil.  If  now  an  iron  core  be  gradually  pushed  into  the  coil. 
the  self-induction  will  be  greatly  increased  and  the  lamp  will  go  out.  thus  showing  the  great 
importance  which  self-induction  plays  in  alternating  current  work. 


Inductance. — Each  time  a  direct  current  is  started,  stopped 
or  varied  in  strength,  the  magnetism  changes,  and  induces  or 
tends  to  induce  a  pressure  in  the  wire  which  always  has  a  direction 
opposing  the  pressure  which  originally  produced  the  current. 
This  self -induced  pressure  tends  to  weaken  the  main  current  at 
the  start  and  prolong  it  when  the  circuit  is  opened. 

The  expression  inductance  is  frequently  used  in  the  same  sense  as 
^0^^ten/  of  self-induction,  which  is  a  quantity  pertaining  to  an  cdectric 
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cxrcait  dqiendixig  on  its  geometrical  fonn  and  the  nature  <^  the  sur- 
rounding medium. 

If  the  direct  current  maintain  the  same  strength  and  flow 
steadily,  there  will  be  no  variations  in  the  magnetic  field  surrounding 
the  wire  and  no  self-induction,  consequently  the  only  retarding 
eflfect  of  the  current  will  be  the  "  ohmic  resistance  "  of  the  wire. 

If  an  alternating  current  be  sent  through  a  circuit,  there  wiU 
be  two  retarding  effects: 

1.  The  ohmic  resistance; 

2.  The  spurious  resistance. 


NON  INDUaiVE 

AAAAAAAAAAA 

RESISTANCE 


INOUCnVE 
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ftc.  1J26S. — Non-inductire  and  inductive  reaisUuxoes.  Two  conents  are  tliown  ioined  in 
parallel,  one  containinga  lamp  and  non-inductive  retistanoe,  and  the  other  a  lamp  and 
inductive  resistance.  The  two  resistances  being  the  SAme,  a  sufficient  direct  prsieure 
applied  at  T.  T'  will  cause  the  lamps  to  light  up  equally.  If,  however,  an  alternating 
pressure  be  applied.  M  will  bum  bristly,  while  S  will  gtve  very  little  or  no  Ugfat  becaust 
of  the  effect  of  the  inductance  of  the  inductive  resistance. 


Ques.    Upon  what  does  the  ohmic  resistance  depend? 

Ans.     Upon  the  length,  cross  sectional  area  and  material  of 
the  wire. 

Ques.    Upon  wliat  does  the  spurious  resistance  depend? 

Ans.    Upon  the  frequency  of  the  alternating  current,  the 
shaoe  of  the  conductor,  and  nature  of  the  surrouni^n^  TxnibSfi^^ 
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Ques.    Define  Inductance. 

Ans.  It  is  the  total  magnetic  flux 
threading  the  circmt  per  unit  current 
which  flows  in  the  circuit,  and  which 
produces  the  flux. 

la  this  it  must  be  understood  tbat 
i£  any  portion  of  the  flux  thread  the 
circuit  more  than  once,  this  portion 
must  be  added  in  as  muiy  times  as  it 
makes  linkage. 

Inductance,  or  the  coefficient  of  se'f- 
induction  is  the  capacity  which  an 
dectric  circuit  has  of  producing  iaduo- 
tioQ  within  itself. 

Inductance  is  considered  OS  tl^p  ratio 
between  the  total  induction  through  ■ 
cinniit  to  the  current  [»xKlucing  it. 

Ques.  What  is  the  unit  of  In- 
ductance? 

Ans.    The  henry. 

Ques.    Define  the  henry. 

Ans.  A  coil  has  an  inductance  of 
one  henry  when  the  product  of  the 
number  of  lines  enclosed  by  the  coil 
multiplied  by  the  number  of  turns  in 
the  coil,  when  a  current  of  one  ampere 
is  flowing  in  the  coil,  is  equal  to 
100,000,000  or  10.* 


>/  OTK  ampere  per  lecond  i>__. 
tfonewdlinOu  eiratU. 
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Ques.    What  is  the  henry  called? 

Ans.     The  coeflBdent  of  self-induction. 

The  henry  is  the  coefficient  by  which  the  time  rate  of  change  of  the 
current  in  the  circuit  must  be  multiplied,  in  order  to  give  the  pressure 
of  self-induction  in  the  circuit. 

The  formula  for  the  henry  is  as  follows: 


hemys 


magnetic  flux  X  turns 
current  X  100,000,000 


INDUCTIVE      COIL 


nrnism^r^ 


ONE.  OHH  RE&ISTANCE 


OWE  VOLT  CELL 


RHEOSTM 


PlOb  1,207j— Diagram  illaatratins  the  henry.  By  definition:  A  circuit  has  an  indmciance  cd  on4 
Mimry  when  a  rate  of  change  of  current  of  one  ampere  per  second  induces  a  pressure  of  one 
flolC  In  the  diagram  it  is  asmimed  that  the  iutemal  resistance  of  the  cell  and  reaiatanoe  of 
tiM  oonaecting  wires  are  sero. 


or 

where 
L 

N 


N  XT 


10 


8 


(1) 


T= 


coefficient  of  self  induction  in  henrys; 

total  number  of  lines  of  force  threading  a  coil  when  the 

ctirrent  is  one  ampere; 

ntimber  of  turns  of  coil. 


If  a  coil  had  a  coefficient  of  self-induction  of  one  henry,  it  would  mean 
that  if  ^e  coil  had  one  tura,  one  ampere  would  aet  up  IQO  jX!!^ {21^^  qx 
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The  henry  is  too  large  a  unit  for  use  in  practical  com* 
putations,  which  involves  that  the  millihenry,  or  i:oooth 
henry,    is    the  accepted  unit.       In   pole   suspended   lines  the 

rWDUCTIVE  COIL  WITH  AIR  CORE 


INDUCTIVE  COIL  WITH  IRON  CORE 


NON-INDUCTIVE  COIL 


Pigs.  1,268  to  1,270. — Various  coils.  The  inductance  effect,  though  perceptible  in  an  air  core 
coil,  fig.  1,268,  ma^  be  greatly  intensified  by  inserting  a  core  made  of  numerous  pieces 
of  iron  wire,  as  in  na.  1,269.  Fig.  1,270  shows  a  non-inductive  coil.  When  wound  in  this 
manner,  a  coil  will  have  little  or  no  inductance  because  each  half  of  the  coil  neutndises 
the  magnetic  eflfect  of  the  other.  This  coil,  though  non-inductive,  will  have  "capacity." 
It  would  be  useless  for  solenoids  or  electro-magnets,  as  it  would  have  no  magnetic  field. 


NOTE. — The  American  physicist,  Joseph  Henry,  was  bom  in  1798  and  died  1878.  He  was 
noted  for  his  researches  in  efectromagnetism.  He  developed  the  electromagnet,  which  had 
been  invented  by  Sturgeon  in  England,  so  that  it  became  an  instrument  of  far  greater  power 
than  before.  In  1831,  tie  employed  a  mile  of  fine  copper  wire  with  an  electromagnet,  cauitng 
the  current  to  attract  the  armature  and  strike  a  bell,  thereby  establishing  the  principle  em- 
ployed in  modem  telegraph  practice.  He  was  made  a  professor  at  Princeton  in  1832,  and  while 
experimenting  at  that  time,  ne  devised  an  arrangement  of  batteries  and  electromagnets  embody- 
ing the  principle  of  the  telc^aph  relay  which  made  possible  long  distance  transmission.  He  was 
the  first  to  observe  magnetic  self-induction,  and  performed  important  investigations  in  oscillating 
electric  discharges  (1842),  and  other  electrical  phenomena.  In  1846  he  was  chosen  secretary 
of  the  Smithsonian  Institution  at  Washington,  an  office  which  he  held  until  his  death.  ^  As  chair- 
man of  the  U.  S.  Lighthouse  Board,  he  made  important  tests  in  marine  signals  and  Ui^ts.  In 
meteorology,  terrestrial  magnetism,  and  acoustics,  he  carried  on  important  researches.  Henry 
enjoyed  aa  iatem&tvmaX  r^u tatioQ,  and  is  acknowledged  to  be  one  of  America's  greatert 
acieatista. 
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inductance  varies  as  the  metallic  resistance,  the  distance  between 
the  wires  on  the  cross  arm  and  the  number  of  cycles  per  second, 
as  indicated  by  accepted  tables.  Thus,  for  one  mile  of  No. 
8  B.  &  S.  copper  wire,  with  a  resistance  of  3,406  ohms,  the  co- 
eflScient  of  self-induction  with  6  inches  between  centers  is 
.00153,  and,  with  12  inches,  .00175. 

^  FLY  WHEEL 


Pr^  1,271. — Hydraulic-mechanical  analogy  illustrating  inductance  in  an  alternating  current  cir- 
cnit.  The  two  cylinders  are  connected  at  their  ends  by  the  vertical  pipes,  each  being 
pcovided  with  a  piston  and  the  system  filled  with  water.  Reciprocating  motion  is  im- 
parted to  the  lower  pulley  by  Scotch  yoke  connection  with  the  drive  pulley.  The  upper 
piston  is  connected  by  rack  and  pinion  gear  with  a  fly  wheel.  In  operation,  the  to  ana  fro 
movement  of  the  lower  piston  produces  an  idtemating  flow  of  water  in  the  upper  cylinder 
which  causes  the  upper  piston  to  move  back  and  forth.  The  rack  and  pinion  connection 
witli  the  fly  wheel  causes  the  latter  to  revolve  first  in  one  direction,  then  in  the  other,  in 
step  with  the  upper  piston.  The  inertia  of  the  fly  wheel  causes  it  to  resist  any  change 
in  its  state,  whether  it  be  at  rest  or  in  motion,  which  is  transmitted  to  the  upper  piston* 
fusing  it  to  offer  resistance  to  any  change  in  its  rate  or  direction  of  motion.  uidas^AaBEft. 
In  the  alternating  currtent  drcuit  ha»  predady  the  same  eSect,  tlUkX  V&,  U  <»^V<Atii  «WI 
Aamgf  im  tkf  sirt»ig/M  at  dtrtcHom  qfiAe  cwrrenL 
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Ques.    How  does  the  Inductance  of  a  coil  vary  with 
respect  to  the  core? 

Ans.    It  is  least  with  an  air  core;    with  an  iron  core,  it  isl 
greater  in  proportion  to  the  penneability*  of  the  iron. 

The  coefficient  L  for  a  given  coil  is  a  constant  (quantity  so  long  as  the 
magnetic  permeability  of  the  material  surrounding  the  coil  does  not 
change.  This  is  the  case  where  the  coil  is  surrounded  by  air.  When 
iron  is  present,  the  coefficient  L  is  practically  constant,  provided  the  mag* 
netism  is  not  forced  too  high. 

INDUCTIVE  COIL 


T 


T^ 


SWITCH 


Pig.  1.272. — Experiment  sh'>wing  effect  of  inductive  and  non-inductive  coils  in  alternating 
current  circuit.  The  apparatus  is  connected  up  as  shown;  by  means  of  the  switch,  the 
lamp  may  be  placed  in  parallel  with  either  the  inductive  or  non-inductive  coil.  These 
coils  should  have  the  same  resi:.tance.  Pass  an  alternating  current  through  the  lamp 
and  non-inductive  coil,  of  such  strength  that  the  lamp  will  be  dimly  lighted.  Now  turn 
the  switch  so  as  to  put  the  lamp  and  inductive  coil  in  parallel  and  the  lamp  will  bum 
with  increased  brilliancy.  The  reason  for  this  is  because  of  the  opposition  offered 
by  the  inductive  coil  to  the  current,  less  current  is  shunted  from  the  lamp  when 
the  inductive  coil  is  in  the  circuit  than  when  the  non-inductive  coil  is  in  the  circuit.  That 
is,  each  coil  has  the  same  ohmic  resistance,  but  the  inductive  coil  has  in  addition  the 

3ounous  resistance  due  to  Inductance,  hence  it  shunts  less  current  from  the  lamp  than 
oes  the  non-inductive  coil. 


In  most  cases  arising  in  practice,  the  coefficient  L  may  be  considered 
to  be  a  constant  quantity,  just  as  l^e  resistance  R  is  usually  considered 
constant.  The  coefficient  L  of  a  coil  or  circuit  is  often  spoken  of  as  its 
inductance. 


*JVOTE. 


^     .  ,  -^%tf  permeability  of  iron  runts  from  500  to  1 ,000  or  mot«.    TVve  vcra««.>cK&N?i  oV 

n^^Si^^£r^^J"'"  ''"^^  constant,  but  decreases  in  value  as  the  m»i*ueWiiwi\ot^%  Vrvcwttw. 

^a*^SSi?-»""^"***»«»  ofacoa  having  an  iron  oora  ia  not  a  cou«!taax.  ^^^axi^Vi  •*  >a  xNm«. 


^la€iuctMo^  ^Z,  "^H"c^^ce  oi 


\ 
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Qties.    Why  is  die  btm  core  oi  an  inductife  cofl  made 
with  a  number  €i  small  wires  instead  €i  <me  large  rod? 

Ans.    It  is  lamixiated  in  order  to  reduce  eddy  cmrents  and 
consequent  loss  of  energy,  and  to  prevent  excessive  TiPAtitig  of 

the 


Ques.    How  does  tfie  number  €i  turns  oi  a  oofl  mlfect 
the  inductance? 

Ans.    The  inductance  varies  as  the  square  of  the  turns. 

That  XB^  if  the  tams  he  doobled,  the  indactanoe  baoonies  four  tiziies 


The  inductance  of  a  cdH  is  easily  calculated  from  the  following 
formulae: 

L=4T»r^«^(/Xl(f)    ...(1) 

for  a  thin  cdH  with  air  core,  and 

L=4T»r^«/i-5-(ZXl(0    (2) 

for  a  coil  having  an  iron  core.    In  the  above  formulse: 

L= inductance  in  henrys; 

»  =  3.1416; 

r=-  average  radius  of  coil  in  centimeters; 

n=  number  of  turns  ci  wire  in  coil; 

§1=  permeability  of  iron  core; 

1=^  length  of  coil  in  centimeters. 

EXAMPLE. — An  air  core  ooil  has  an  avero|e  radius  of  10  oenti* 
meters  and  is  20  centimeters  long,  there  being  oOO  turns,  what  is  the 
inductance? 

Sobstitattng  these  values  in  formula  (1) 


i 


Ques.  Is  the  answer  in  the  above  example  In  the 
customary  form? 

Ans.  No;  the  henry  being  a  very  large  unit,  it  is  usual  to 
express  inductance  in  thousandths  of  a  henry,  that  is,  in  milli-henrys. 
The  answer  then  would  be  .04935  X  1.000  =  49.35  milli-henrys. 


V73  to  l,Z7S.— General  Elcdric  cho 
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EXAMPLE. — An  air  core  coil  has  an  inductance  of  50  milli-henrys;    i 
i£  an  iron  core,  having  a  permeability  of  600  be  inserted,  what  is  the 
inductance?  I 

T/ie  inductance  of    the  air  core  coil  wiW  be  nvvWioUed  h^  the  pef*  I 
taeability  of  the  iron ;  the  inductance  then  is  vTicteasai  \n 
A)X  600  -  ^.000  milU-hentys,  ot ao^wsirs*. 
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Ohmic  Value  of  Inductance. — The  rate  of  change  of  an 

alternating  current  at  any  point  expressed  in  degrees  is  equal 

■    to  the  product  of  2  x  multiplied  by  the  frequency,  the  maximum 

current,  and  the  cosine  of  the  angle  of  position  B\  that  is  (using 

symbols) 

rate  of  change=2  x/  l^^x  cos  0, 

II      The  xmmerical  value  of  the  rate  of  change  is  independent  of 
'  its  positive  or  negative  sign,  so  that  the  sign  of  the  cos  4>  is 


IRON  CORE 


COIL 


r 


SMTITCH 


1,276. — Inductance  experiment  with  intermittent  direct  current.  A  lamp  S  is  connected 
in  paTallel  with  a  coil  of  fairly  fine  wire  having  a  removable  iron  core,  and  the  terminals 
T.T'  connected  to  a  source  of  direct  current,  a  switch  M  being  provided  to  interrupt  the 
cnrrent.  The  voltage  of  the  current  and  reststan;:e  of  the  coil  are  of  such  values  that  when 
a  steady  current  is  flowing,  the  lamp  filament  is  just  perceptibly  red.  At  the  instant  of 
mtakini  tk4  circuit,  tlu  lamp  unll  momentarily  glow  more  brightly  than  when  the  current  is 
om  breaking  the  circuit  the  lamp  will  momentarily /lash  with  great  brightness.  In  the 
,  the  reverse  pressure,  due  to  inductance,  as  indicated  by  arrow  b,  will  momen- 


tarily oppoae  the  normal  pressure  in  the  coil,  so  that  the  voltage  at  the  lamp  will  be  momen- 
tarily increased,  and  will  consequently  send  a  momentarily  stronger  current  through  the 
lanq>.  On  breaJdng  the  main  circuit  at  M.  the  field  of  the  coil  will  collapse,  generating  a 
momentary  much  greater  voltage  than  in  the  first  instanob,  in  the  direction  of  arrow  a, 
the  lamp  will  flash  up  brightly  in  consequence. 


The  period  of  greatest  rate  of  change  is  that  at  which  cos  0 
has  the  greatest  value,  and  the  maximtim  value  of  a  cosine  is 
when  the  arc  has  a  value  of  zero  degrees  or  of  180  degrees,  its 
value  corresponding,  being  1.    (See  fig.  1,037,  page  1,068.) 

The  pressure  due  to  inductance  is  equal  to  the  product  of  the 
rate  of  change  by  tb^  md^^tmce;  that  is,  callixig  tVie\x^>i<c^a£LQ^\^ 
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the  pressure  due  to  it  at  the  point  of  maximum  value  or" 


Now  by  Ohm's  law 


^max  ^  2  Ty  Imax  X  L. 


ll/mAv  —    K.1. 


'max 


(i> 

(2) 


for  a  current  Iwa,,  hence  substituting  equation  (2)  in  equation  (1) 


PREQUENCr 
100 


rNOUCTIVE  COIL 
B  HILU  HENRYS 


ALTERNATOR 


Pig.  1.277. — Diasram  showing  alternating  circuit  containing  inductance.  Formula  for  cal- 
culating the  onmic  value  of  inductance  or  "inductance  reactance,"  is  X|  >■  2w/L  in  which 
X|  >■  inductance  reactance;  w  «  3.1416;  /  »  frequency;  L  »  inductance  in  Henrys  (not 
millihenr>'s).  L  -  15  millihenrys  -  15  -»-  1000  -  .015  henrys.  Substituting.  X|  -  2  X 
3.1416  X  100  X  .015  -  0.42  ohms. 


rpss 


from  which,  dividing  both  sides  by  Imax*  and  using  X^  for  R 

X|=2t/L (3) 

which  is  the  ohmic  equivalent  of  Inductance. 

T/io  frequency  of  a  current  being  the  tmnfeeT  ol  ^tvq^  ^s'. 
vesper  second,  then,  if  T = the  time  ot  a  pedod,  tVe  ix^w^^ws^ 
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of  a  current  may  be  obtained  by  dividing  1  second  by  the  time 
of  a  period;  that  is 

r. 

* 

I  ^  one  second  1  .^. 

I  frequency  =  r ;: r-;  =  ;;: (4) 

}  tmie  of  one  penod      T 


) 


substituting  —  for  fin  equation  (3) 


M 


'><><><><> 


ALTERNATOR 


Pig.  1^8. — Diacrraxn  illustrating  effect  of  cajMcity  in  an  alternating  circuit.  Considering  its 
action  diiring  one  cycle  of  the  current,  the  alternator  first  "pumps,"  say  from  \f  to  S; 
electricity  w2l  be  heaped  up,  so  to  speak,  on  S,  and  a  deficit  left  on  M,  that  is,  S  will  be 
+  and  M  — .  If  the  alternator  be  now  suddenly  stopped,  there  would  be  a  momentary 
return  flow  of  electricity  from  S  to  M  through  the  alternator.  If  the  alternator  go  on 
working,  however,  it  is  obvious  that  the  electricity  heaped  up  on  S  helps  or  increases  the 
flow  when  the  alternator  begins  to  pump  from  S  to  M  in  the  second  half  of  the  cycle,  and 
when  the  alternator  again  reverses  its  pressure,  the  +  charge  on  M  flows  round  to  S,  and 
fetelpe  the  ordinary  current.  The  above  circuit  is  not  strictly  analogous  to  the  insulated 
plates  of  a  condenser,  but,  as  is  verified  in  practice,  that  with  a  rapidly  alternating  pres- 
■ore,  the  condenser  action  is  not  i>erceptibly  affected  if  the  cables  be  connected  across  by 
some  non-inductive  resistance  as  for  instance  incandescent  lamps. 

Capacity. — ^When  an  electric  pressure  is  applied  to  a  con- 
denser, the  current  plays  in  and  out,  charging  the  condenser  in 
alternate  directions.  As  the  current  runs  in  at  one  side  and  out 
at  the  other,  the  dielectric  becomes  charged,  and  tries  to  dis- 
charge itself  by  setting  up  an  opposing  electric  pressure.  This 
opposing  pressure  rises  just  as  the  charge  increases. 

^  ^^^j^  ^^^ogue  is  afforded  by  the  bending  ol  a  ^^fvQ!t, 
Msin^g.  1,279,  which,  as  it  is  b^^  P^',  ^ ..  .^  ^ x^«  ^c« 


t>^g  bent,  exerts  an  oppQ^ixi^i^^ftc: 
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equal  to  that  applied,  provided  the  latter  do  not  exceed  the 
capacity  of  the  spring. 

Ques.  What  is  the  effect  of  capacity  in  an  alternating 
drcuit? 

Ans.  It  is  exactly  opposite  to  that  of  inductance,  that  is, 
it  assists  the  current  to  rise  to  its  maximum  value  sooner  than 
it  would  otherwise. 


Fig.  1,279. — Mechanical  analogy  illustrating  effect  of  capacity  in  an  altematixig  circuit.  If  an 
alternating  twisting  force  be  applied  to  the  top  R  of  the  spring  S.  the  action  of  the  latter 
may  be  taken  to  represent  capacity,  and  the  rotation  of  the  wheel  W,  cUtemating  current. 
The  twisting  force  (inu)ressed  pressure)  must  first  be  applied  before  the  rotation  of  W 
(current)  will  begin.  The  resiliency  or  rebounding  effect  of  the  spring  will,  in  time,  caustf 
the  wheel  W  to  move  (amperes)  in  advance  of  the  twisting  force  (voltage),  thus  repre- 
senting  the  current  leading  in  phase. 


Ques.    Is  it  necessary  to  have  a  continuous  metallic 
circuit  for  an  alternating  current? 

Aas.    No,  it  is  possible  for  an  altematm^  cvirten.t  to  flow 
^^i^mi^h  a  circuit  wbich  is  divided  at  some  poivrA,  ^yJ  Sx^sssSl^Natv^l 
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Ques.    How  can  the  current  flow  under  such  condltian? 

Ans.  Its  flow  depends  on  the  capacity  of  the  circuit  and 
accordingly  a  condenser  may  be  inserted  in  the  circuit  as  in 
Sg.  1,286,  thus  interposing  an  insulated  gap,  yet  permitting  an 
alternating  flow  in  the  metallic  portion  of  the  circuit. 


RESERVOIR 


'RUBBER  DIAPHRASM 


ibia  acting  cylinds  . 

, on  mova,  •■/  to  the  left  fr. 
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Ques.    Name  the  unit  of  capacity  and  define  It. 

Ans.  The  unit  of  capacity  is  called  the  farad  and  its  symbol 
C.  A  condenser  is  said  to  have  a  capacity  of  one  farad  if  oi 
coulomb  (that  is.  one  ampere  Sovfing  ona  Gccood^,  m^utaiifvx 


1,042 


HAWKINS  ELECTRICITY 


^ 


on  the  plates  of  the  condenser  will  cause  a  pressure  of  one  volt 
across  its  terminals. 

The  farad  being  a  very  large  unit,  the  capacities  ordinarily  encoun- 
tered in  practice  are  expressed  in  millionths  of  a  farad,  that  is,  in  micro- 
farads — ^a  capacity  equal  to  about  three  mUes  of  an  Atlantic  cable. 

It  should  be  noted  that  the  microfarad  is  used  only  for  con- 
venience, and  that  in  working  out  problems,  capacity  should 
always  be  expressed  in  farads   before  substituting  in  formula, 

ONe  COULOMft 
AMORBSD  BY  PLATES 


«NE  rARMT 


I 


+ 


C0NDEN6CR 


T 


i 


Pig.  1,281— Dia^rnun  illustratinsr  a  farad,  A  condenser  is  said  to  have  a  cax>adty  of  one 
farad  if  it  will  absorb  one  coulomb  of  electricity  when  subjected  to  a  pressure  o^  one  volt. 
The  farad  is  a  very  large  .unit,  and  accordingly  the  microfarad  or  one  milUon^  of  a  farad 
is  often  used,  though  this  must  bt  reduced  to  farads  before  substittUing  informulm* 


because  the  farad  is  chosen  with  respect  to  the  volt  and  ampere, 
as  above  defined,  and  hence  must  be  used  in  formulae  along  with 
these  units. 

For  instance,  a  capacity  of  8  microfarads  as  given  in  a  problem  would 
be  substituted  in  a  formula  as  .000008  of  a  farad. 

The  charge  Q  forced  into  a  condenser  by  a  steady  electric 
pressure  E  is 

Q=EC 
in  which 

Q= charge  in  coulombs. 

E  —electric  pressure  in  volts; 

C= capacity  of  condenser  in  farads; 
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Ques.  What  is  the  material  between  the  plates  of  a 
condenser  called  f 

Ans.     The  dielectric. 

Ques.  Upon  what  does  the  capacity  of  a  condenser 
depend? 

Ans.  It  is  proportional  to  the  area  of  the  plates,  and  inversely 
proportional  to  the  thickness  of  the  dielectric  between  the 
plates,  a  correction  being  required  unless  the  thickness  of  dielec- 
tric be  very  small  as  compared  with  the  dimensions  of  the  plates. 


Pic.  li»g — CondenMT  of  one  odcTofHiul  cMpacity.  1l  in  suUlivided  Inia  live  Kctioni  □( 
.S.  .2,  .2.  .06  Md  .08  mlcrofand.  The  pUla  are  mounted  between  »nd  carried  by  lat- 
cnl  braji  ban  which  mrefaatencd  to  m  hard  rubber  Cop^  Each  pair  of  condenier  terminAlB 
it  (utcDcd  to  BnaU  btudidf  poMi  mounted  oa  haid  lubbei  insulated  puts. 

Specific  Inductive  Capacity. — Faraday  discovered  that 
different  substances  have  different  powers  of  carrying  lines  of 
electric  force.  Thus  the  charge  of  two  conductors  having  a 
given  difference  o£  pressure  between  them  depends  on  the  itvedBMO. 
between  them  as  well  as  on  their  size  and  shape.  Tte  iwnCaec 
^^^J^^'^tude  of  this  prtjperty  ot  the  me^^aa  i: 
c^,^.^^,«A«.i,  ^'^-/J',  or  Srtc  c<mstant. 
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The  specific  inductive  capacity  of  air,  which  is  nearly  the  same 
as  that  of  a  vacuum,  is  taken  as  unity.  In  terms  of  this  unit  the 
following  are  some  typical  values  of  the  dielectric  constant: 
Water  80,  glass  6  to  10,  mica  6.7,  gutta  percha  3,  india  rubber 
2.5,  paraffin  wax,  2,  ebonite  2.5,  castor  oil  4.8. 

In  tinderground  cables  for  very  high  pressures,  the  insulaUda,  if 
homogeneoixs  throughout,  would  have  to  be  of  very  great  thickness  in 
order  to  have  sufficient  dielectric  strength.  By  employing  material  of 
high  specific  inductive  capacity  close  to  the  conductor,  and  material 
of  lower  specific  inductive  capacity  toward  the  outside,  that  is,  by 
grading  the  insulation,  a  considerably  less  total  thickness  afifords  equally 
high  (fielectric  strength. 


C 


C 


Pig.  1,283. — Parallel  connection  of  condensers.  Lilcp  terminals  are  joined  together.  The  jdnt 
capacity  of  such  arrangement  is  equal  to  Iht  sum  of  the  respective  capacities,  that  is  C  * 
c  +  c'  +  c". 


Ques.    How  are  capacity  tests  usually  made? 

Ans.     By  the  aid  of  standard  condensers. 


Ques.    How  are  condensers  connected? 

Ans.     They  may  be  connected  in  parallel  as  in  fig.  1,283,  or 
in  series  (cascade)  as  in  fig.  1,284. 

Condensers  are  now  constructed  so  that  the  two  methods  of  arranging 
the  plates  may  conveniently  be  combined  in  one  condenser,  thereby 
obtaining  a  wider  range  of  capacity. 
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Ques.    How  may  the  capacity  of  a  condenser,  wire,  or 
cable  be  tested? 

Ans.     This  may  be  done  by  the  aid  of  a  standard  condenser, 
trigger  key,  and  an  astatic  or  ballistic  galvanometer. 

In  making  the  test,  first  obtain  a  ''  constant "  by  noting  the  deflection 
d^  due  to  the  dischax^ge  of  the  standard  condenser  after  a  chaige  of,  say, 
10  seconds  from  a  given  voltage.  Then  discharge  the  other  condenser. 
¥nre,  or  cable  through  the  galvanometer  after  10  seconds  charge,  and 
note  the  deflection  cf  .   The  capacity  C  of  the  latter  is  then 


Of 


^     d' 


in  which  C  is  the  capacity  of  the  standard  condenser. 


c  c'  c* 

Fig.  1.284. — Series  or  cascade  connection  of  condensers.    Unlike  terminals  are  joined  together 
as  shown.    The  total  capacity  of  such  connection  is  equal  to  the  reciprocal  of  tht  sum  qf 

ik4 reciprocals  cf  tiu  several  capacities,  that  is,  C-1  +  (-  +?  +  "P*) 


Ohmic  Value  of  Capacity. — The  capacity  of  an  alternating 
current  circuit  is  the  measure  of  the  amount  of  electricity  held 
by  it  when  its  terminals  are  at  tmit  difference  of  pressure.  Every 
such  circuit  acts  as  a  condenser. 

If  an  alternating  circuit,  having  no  capacity,  be  opened,  no 
current  can  be  produced  in  it,  but  if  there  be  capacity  at  the 
break,  current  may  be  produced  as  in  fig.  1,286. 

The  action  of  capacity  referred  to  the  current  wave  is  as 
follows:  As  the  wave  starts  from  zero  value  and  rises  to  ^ 
TnaTimiiTn  vahi^  tlie  current  is  due  to  the  &sc2[\ax^^  c!l  \iDi^ 


I 
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capacity,  which  wotild  be  represented  by  a  condenser.  In  the 
case  of  a  sine  current,  the  period  required  for  the  current  to  pass 
from  zero  value  to  maximum  is  one-quarter  of  a  cycle. 


DYNAMO 


NO  LIGHT 


CONDENSER 


ALTERNATOR 


LIGHT 


CONDENSER 


Pigs.  1.285  and  1,280. — Diagrams  showing  effect  of  condenser  in  direct  and  alternating  current 
circuits.  Each  circuit  contains  an  incandescent  lamp  and  a  condenser,  one  circuit  con- 
nected  to  a  dynamo  and  the  other  to  an  alternator.  Since  the  condenser  interi>oses  a  gap 
in  the  circuit,  evidently  in  fig.  1.285  no  current  will  flow.  In  the  case  of  alternating  cur- 
rent, fig.  1,286,  the  condenser  gap  does  not  hinder  the  flow  of  current  in  the  metallic 
Krtion  of  the  circuit.  In  fact  the  alternator  produces  a  continual  surging  of  electricity 
ckwards  and  forwards  from  the  plates  of  the  condenser  around  the  metallic  portion  of 
the  circuit,  similar  to  the  surging  of  waves  against  a  bulkhead  which  projects  into  the  ocean. 
It  should  be  imderstood  that  the  electric  current  ceases  at  the  condenser,  there  being  no 
flow  between  the  plates. 


At  the  beginning  of  the  cycle,  the  condenser  is  charged  to  the 
maximum  amotint  it  receives  in  the  operation  of  the  circuit. 

At  the  end  of  the  quarter  cycle  when  the  current  is  of  maximtim 
\'alue,  the  condenser  is  completely  discharged. 
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The  condenser  now  beffos  to  recdve  a  charge,  and  contiimes 
to  receive  it  during  the  next  quarter  o£  a  cycle,  the  charge  at- 
taining its  Tnaximuni  value  when  the  current  is  of  zero  intensity. 
Hence,  the  masimum  charge  of  a  condenser  in  an  alternating 
circuit  is  equal  to  the  average  value  of  the  current  multiplied 
by  the  time  of  charge,  v^ch  is  one-quarter  of  a  period,  that  is 

maximum  charge  "average  current  X  K  period (I) 


FK.  \Sn. — DUsnm  ihowioB  allcnixtinK  ciicult  omUminH  capacity.    PonnulK  lot  calcuUtEng 
ibe  ohmic  vmloa  of  capadty  at  "capacity  reactance"  ii  Xi-  I  -i-  2i/C.  in  which  Xc  — 

bndl).     23  microlarada  -  32  +  l.OOO.OOO  -  .000022  buiA.     SubltitutiiiE.  X«  -  1  -i- 
(3  X  3.1410  X  100  X  MOOOXl)  -  72.4  ohmL 


Since  the  time  of  a  period  =1-:- frequency,  the  time  of  one- 
qaarter  of  a  period  is  J4  X  (1  -^  frequency) ,  or 

Kperiod  =  >i/ (2) 

I  baite  the  symbol  for  frequency.     Substituting  ^  "m  (^V^ 

^^^«^^«ni  change  ==I„xJ4/ ^ 
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The  pressure  of  a  condenser  is  equal  to  the  quotient  of  the 
charge  divided  by  the  capacity,  that  is 

charge 

condenser  pressure  = r^ (4) 

capacity 

Substituting  (3)  in  (4) 

condenser  pressure  =  (lav  ^  77)  "*■  ^  ~  777; (^) 

2 
But,    lav  =  Imax  X  ",  and  substituting  this  valtie  of  I^v  in 

equati(m  (5)  gives 


condenser  pressure  = -^  =  — — ^  (6) 

4/C  2x/C  ^^ 

This  last  equation  (6)  represents  the  condenser  pressure  due 
to  capacity  at  the  point  of  maximum  value,  which  pressure  is 
opposed  to  the  impressed  pressure,  that  is,  it  is  the  TnayiTni^tn 
reverse  pressure  due  to  capacity. 

Now,  since  by  Ohm's  law 


and  as 


E 
1  =  -,  orE  =  IXR 

2t/C  -  ^-«  ^  2x/C 


it  follows  that    t — rr^  is  the  ohntic  valtie  of  capacity»  that 

2iry  C 

is  it  expresses  the  resistance  equivalent  of  capacity;  using  the 
symbol  X^  fo/  capacity  reactance 

^-2;7c '^ 
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EXAMPLE.— What  is  the  resistance  eauivalent  o(  a  50  nucrc^arad 
condenser  to  an  alternating  current  having  p  frequency  of  100? 
Substituting  the  given  values  in  the  expression  for  ohmic  value 


■K  3.14HS  X  100  X  .UOU050 


.031416  ^^ 

volts,  the  current  would 


alttasugh  the  fnviiBey  tt 


Ls^  and  Lead. — Alternating  currents  do  not  always  kuup  in 
tep  with  the  alternating  volts  impressed  upon  the  drcuit.  If 
here  be  inductance  in  the  circuit,  the  ciHrent  will  lag;  if  there 
)e  capacity,  the  current  will  lead  in  phase.  For  example,  fig, 
,288,  illustrates  the  lag  due  to  inductance  and  fig.  1,289,  the 
ead  due  to  capad^. 
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Quea.    What  iB  lag? 

Aas.  Lag  denotes  the  condition  where  the  phase  of  one 
alternating  current  quantity  lags  behind  that  of  another.  The 
term  is  generally  used  in  connection  with  the  effect  of  induct* 
ance  in  causing  the  current  to  lag  behind  the  impressed  pressoie. 

A 


capacity  producvs 

turepodtii 

At  the  begisnlna  < 


Quea.  How  does  Inductance  cause  the  current  to  lag 
behind  the  pressure? 

Ans.  It  tends  to  prevent  changes  in  the  strength  of  the 
current.  When  two  parts  of  a  circuit  are  near  each  other,  so 
that  one  is  in  the  magnetic  field  of  the  other,  any  change- in  the 
strength  of  the  current  causes  a  corresponding  change  in  the 
magnetic  field  and  sets  up  a  reverse  pressure  in  the  other  wire. 

This  induced  pressure  causes  the  current  to  reach  its  maximum  value 
a  little  later  than  the  pressure,  and  also  tends  to  prevent  the  cunent 
'n  step  with  the  pressura. 
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66.    What  ftorems  the  amount  of  laft  in  an  alter- 
ift  current? 

;.     It  depends  on  the  relative  values  of  the  various  pres* 
in  the  drcuit,  that  is,  upon  the  amount  of  resistance  and 
tance  which  tends  to  cause  lag,  and  the  amount  of  capadtjr 
!  circuit  which  tends  to  reduce  lag  and  cause  lead. 
es.    How  is  laft  measured? 
L    In  d^rees. 


ROD  CARRTINS  ^01 1 


Mk-^Ucchanlcal  analogy  of  1u,  If  at  odb  aid  force  be  Applied  Co  turn  4  wrf  lonjr 
t,  haviiic  s  Imded  pallcv  at  ths  other,  the  toraaa  thai  prodursd  in  the  ihatt  iriu 
V  it  to  twin  ui  appnoADle  amount  which  will  cause  the  movement  of  the  ptilley  to 


d  that  of  th*  crknlf.  This  may  be  indicaud  by  a  rod  a1 
■nninatiDB  in  a  pointer  at  the  crmnk  end,  the  rod  bony  eo  ^aced 
tn  with  lEe  cnuik  when  thsie  ii  no  tonioa  in  the  ihaft.  The  ai 
r  and  crank  when  the  load  ia  thrown  on,  iDdicatcs  tho  amour 


la'whidil* 


ee.    Wliat  is  the  physical  meanli^  of  this? 

1.     In  an  actual  alternator,  of  which  fig.  1,288  is  an  ele- 
1  ebowijjg  <me  coil,  i£  the  curretit  la^,  sa.^  ^ 
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behind  the  pressure,  it  means  that  the  coil  rotates  45*  fro 
position  of  zero  induction  before  the  current  starts,  as  in  fig.  1 

EXAMPLE  I. — A  circuit  through  which  an  alternating  cur 
passing  has  an  inductance  of  6  ohms  and  a  resistance  of  2.5  ohms. 


IS  the  angle  of  lag? 


CNDOCTANCE 


RCSISTANCe 

WWW\r 

2.5  OHMS 


ALTERNATOR 
Pia  1,201. — Diagram  of  circuit  for  example  I. 

Substituting  these  values  in  equation  (1),  page  1,053, 

tan  ^  =  ^  =  2.4 

Referring  to  the  table  of  natural  sines  and  tangents  on  page  4 
corresponding  angle  is  approximately  67®. 

EXAMPLE  II. — A  circuit  has  a  resistance  of  2.3  ohms  and  an  i 
ance  of  .0034  henry.  If  an  alternating  current  having  a  frequc 
125  pass  through  it,  what  is  the  angle  of  lag? 


FREQUENCY 
125 


RESISTANCE 


INOUCTANCe 
.0034  HCRRY 


ALTERNATOR 
Pig.  1,292. — Diagram  of  circuit  for  example  II. 

Here  the  inductance  is  given  as  a  fraction  of  a  henry;  this  ir 
reduced  to  ohms  by  substituting  in  equation  (3),  page  1,038, 
gives  the  ohmic  value  of  the  inductance;  accordingly,  substituti 
above  given  value  in  this  equation 

inductance  in  ohms  or  X«  =  2  x  X  125  x  .0034  =  2.67 
Substituting  this  result  and  the  given  resistance  in  equatic 
page  1,053,  2.67     ,  ,^ 

*  ="23-=  1-16 

the  nearest  angle  from  table  (page  451}  is  49^ 
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Ones.    How  great  may  the  angle  of  lag  be? 

Ans.    Anything  up  to  OO*'. 

The  angle  of  lag,  indicated  by  the  Greek  letter  ^(phi),  is  the  an^le 
whose  tangent  is  equal  to  the  quotient  of  the  inductance  expressed  in 
ohms  or  "  spurious  resistance  "  divided  by  the  ohmic  resistance,  tha,%  is 


tan0 


reactance 
resistance 


2x/L 
R 


(1) 


THE  MOMENTUM  Of  RYWHIEl  TUmO 
CRANK  PiiaT  DCAO  CENTER 


ROTATIOM 


PLY 

WHEEL 


Fb  L293. — Steam  engine  analoffy  of  current  flow  at  xero  oreasore  (see  questions  below), 
^n^  the  engine  has  reached  the  dead  center  point  the  full  steam  pressure  is  acting  on 
the  piston,  the  valve  having  opcaied  an  amount  equal  to  its  lead.  The  force  applied  at  this 
instant,  indicated  by  the  arrow  is  perpendicular  to  the  crank  pin  circle,  that  is,  the  tangen- 
tial or  iurnina  component  is  equal  to  zero,  hence  there  is  no  pressure  tending  to  turn  the 
aank.  The  latter  continues  in  motion  past  the  dead  center  because  of  the  momentum 
previously  acquired.  Similarly,  the  electric  current,  which  is  here  analogous  to  the  moving 
crank,  continues  in  motion,  though  the  pressure  at  some  instants  be  zero,  because  it  acts 
as  though  it  had  weight,  that  is,  it  caxmot  be  stopped  or  started  instantly. 


Ques.  When  an  alternating  current  lags  behind  the 
pressure,  is  there  not  a  considerable  current  at  times 
when  the  pressure  is  zero? 

Ans.     Yes;  such  effect  is  illustrated  by  analogy  in  fig.  1,293. 

Ques.    What  is  the  significance  of  this? 

Ans.     It  does  not  mean  that  current  could  be  obtained  from 
a  drcuit  that  showed  no  pressure  when  tested  with,  a  sviVV.^V'^ 
^tmoter,  for  no  current  would  Sow  under  such  cond\V\oT\s. 
Tmn^.  m  the  £ow  of  an  alternating  current,  the  ptess^ 
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T 


varies  from  zero  to  maximum  values  many  times  each  second, 
and  the  instants  of  no  pressure  may  be  compared  to  the  **  dead 
centers  "  of  an  engine  at  which  points  there  is  no  pressure  toj 
catise  rotation  of  the  crank,  the  crank  being  carried  past  these] 
points  by  the  momentum  of  the  fly  wheel.    Similarly  the  d< 
current  does  not  stop  at  the  instant  of  no  pressure  becai 
of  the  "  momenttun  "  acquired  at  other  parts  of  the  cycle. 

Ques.    On  long  lines  having  considerable  inductanoe»| 
how  may  the  lag  be  reduced? 

Ans.    By  introducing  capacity  into  the  circuit.    In  fact,  the 
current  may  be  advanced  so  it  will  be  in  phase  with  the  pressure* 
or  even  lead  the  latter,  depending  on  the  amount  of  capadtjrj 
introduced. 

There  has  been  some  objection  to  the  tenn  lead  as  used  in  descrit 
the  effect  of  capacity  in  an  alternating  circuit,  principally  on  the  gr 
that  such  expressions  as  '*  lead  of  current/'     lead  in  phase/'  etc., 
to  convey  the  idea  that  the  effect  precedes  the  cause,  that  is,  the  cu] 
is  in  advance  of  the  pressure  proaudnig;  it.    There  can,  of  course,  be^ 
current  until  pressure  has  been  applied,  but  if  the  circuit  have  capadQrj 
it  will  lead  the  pressure,  and  tms  peculiar  behavior  is  best  iUt 
by  a  mechanical  analogy  as  has  already  been  given. 

Ques.    What  effect  has  lag  or  lead  on  the  value  of 
effective  current? 

Ans.    As  the  angle  of  lag  or  lead  increases,  the  value  of 
effective  as  compared  with  the  virtual  current  diminishes. 


Reactance. — The  term  "reactance"  means  simply  reacfiofd 
It  is  used  to  express  certain  effects  of  the  alternating  current] 
other   than   that  due  to  the  ohmic  resistance  of  the  circuit 
T/ius,  tm/ucUiHce  reactance  means  the  reactioti  du'^itoWva^.^jiuriou 
resistance  of  inductance  expressed  in  6hms\  ^vxxv^^Vj ,  ca^oxA 
^^aoanc^,  means  the  reaction  due  to  capadtv,  «jLVtesse^.\si^jKn3aj 
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It  should  be  noted  that  the  term  rmictance,  alone,  that  is,  un- 
qualified, is  generally  understood  to  mean  inductance  reactance^ 
though  ill  advisedly  so. 

The  resistance  offered  by  a  wire  to  the  flow  of  a  direct  current 
is  expressed  in  ohms;  this  resistance  remains  constant  whether 
the  wire  be  straight  or  coiled.  If  an  alternating  current  flow 
through  the  wire,  there  is  in  addition  to  the  ordinary  or  **  okmic  ** 
resistance  c^  the  wire,  a  "  spurious  *'  resistance  arising  from  the 
development  of  a  reverse  pressure  due  to  induction,  which  is 


INDUCTANCE 


FREOUENCY 


ALTERNATOR 


-^OQOOM^ 


CL5  HENRY 


3  AMPERES 


1,2M — ^I^Bgraai  of  the  circmt  for  example 
bat  tins  woold  sot  be  ponifaile  m  pcmctioe.  ai 
thnngh  it  may  be,  in  aome  caaea.  aeciipbly 


L    Here  the  reiUttancse  ia 
;  an  circaits  cnntafn  mote  or 


taken  at 


mare  or  less  in  value  according  as  the  wire  be  coiled  or  straight. 
This  spurious  resistance  cls  distinguished  from  the  ohmic  resistance 
is  called  the  reactance^  and  is  expressed  in  ohms. 

Reactance,  may  then  be  defined  with  respect  to  its  usual 
significance,  that  is,  inductance  reactance,  as  the  component  of  the 
impedance  which  when  multiplied  into  the  current^  gives  the 
wattless  component  of  the  pressure. 

Reactance  is  simply  inductance  measured  in  ohms. 

EXAMPLE  I. — ^An  alternating  carrent  having  a  frequency  of  00  i 
passed  thixsugh  a  ocnl  whose  inductance  is  .5  heniy.  What  is  tiie  n 
actance? 

Here/  ">  60  and  L  »  .5;  substituting  these  in  formula  for  indodivi 
-^ 2^/L  ^ 2 X UUi  XWX^  ^VS^iSsmk 
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The  quantity  2  x/L  or  reactance  being  of  the  same  nature  as  &  re- 
sistance is  used  in  the  same  way  as  a  resistance.  Accordingly,  since, 
by  Ohm'i  law 

E  -RI (1) 


an  cocpression  may  be  obtained  for  the  volts  necessary  to  overcome 
reactance  by  substttnting  in  equation  (1)  the  value  of  reactance  giveu 
above,  thus 


E  -2ir/LI 


(2) 


INDUCTANCE 


FRCCIUENCY 
66 


►^75MM(5^ 


0.5  HENI^Y 


ALTERNATOR 


FlO.  1.295. — Diagram  of  drcuit  for  example  II.    As  in  example  I,  reastance  is  disregarded. 


EXAMPLE  II.— How  many  volts  are  necessary  to  force  a  current  of 
t  amperes  with  frequency  60  through  a  coil  whose  inductance  is  .5 
henry?    Substituting  in  equation  (2)  the  values  here  given 

E-2ir/LI-2irX60X.5X3«565  volts. 


fhe  foregoing  example  may  serve  to  illustrate  the  difference  in 
behaviour  of  direct  and  alternating  currents.  As  calculated,  it 
requires  565  volts  to  pass  only  3  amperes  of  alternating  current 
through  the  coil  on  account  of  the  considerable  sptuious  resist- 
ance. The  ohmic  resistance  of  a  coil  is  very  small,  as  compared 
with  the  spurious  resistance,  say  2  ohms.  Then  by  Ohm's  law 
I  =  E-J-R"565-f-2«  282.5  amperes. 

Instances  of  this  effect  are  commonly  met  with  in  connection  with 
transformers.  Since  the  primary  coil  of  a  transformer  has  a  high  re- 
actance, very  little  current  will  flow  when  an  alternating  pressore  is 
spfiied.    If  the  same  transformer  were  placed  in  a  direct  current  circuit 
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and  the  current  turned  on  it  would  at  once  bum  out,  as  very  little 
resistance  would  be  offered  and  a  large  current  would  pass  through  the 
winding. 


CAPACITY 


FREQUENCY 
100 


60  HICROFARAD& 


LTERNATOR 


of  drcult  for  fxampte  IIL 


EXAMPLE  III. — In  a  circuit  containing  only  capacity,  what  is  the 
reacUmce  when  current  is  supplied  at  a  frequency  of  100,  and  the 
capacity  is  50  microfarads? 

50  microfarads»50x«. 00005 farad 


pacity  reactance,  or 

1 


Xe 


2x/C     2  X  3.1416  X  100  X  .00005 


31.84  duns 


Impedance. — This  term,  strictly  speaking,  means  the  ratio 
'  any  impressed  pressure  to  the  current  which  it  produces  in  a 
mductor.  It  may  be  further  defined  as  the  total  opposition  in 
t  electric  circuit  to  the  flow  of  an  alternating  current. 

All  power  circuits  for  alternating  current  are  calculated  with 
ference  to  impedance.  The  impedance  may  be  called  the 
nnbination  of: 


1.  Ohmic  resistance; 

2.  Indttctance  reactance; 

3.  CapBoty  rsactaaoe. 
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The  impedance  of  an  inductive  circuit  which  does  not  contain 
capacity  is  equal  to  the  square  root  of  the  sum  of  the  squares  o] 
the  resistance  and  reactance^  that  is 

impedance  =  V  resistance'  +  reactance*        (1) 


EXAMPLE  I. — If  an  alternating  pressure  of  100  volts  be  impressed 
on  a  coil  of  wire  having  a  resistance  of  6  ohms  and  inductance  of  8  ohms, 
what  is  tiie  impedance  of  the  circuit  and  how  many  amperes  will  flow 
through  the  coil?  In  the  example  here  given,  6  ohms  is  the  resistance 
and  8  ohms  the  reactance.    Substituting  these  in  equation  (1) 


RESISTANCE 


INDUCTANCE 


X. 


ALTERNATOR 


CAPACITY 


Pig.  1,297. — Diagram  showing  alternating  circuit  containing  resistance<  inductance,  and  capao- 
Ity.  Formula  for  calculating  the  impedance  of  this  circuit  is  Z  =  V  R«  -f  (X|  —  X^)  in 
which,  Z  «  impedance;  R  «  resistance;  X|  =  inductance  reactance;  X^  =  capacity 
reactance.  Example;  What  is  the  in  pedence  when  R  =4,  X|  —  92.4,  and  X^  ■•  72.4? 
Substituting  Z  =  V  4»  +  (94.2-72.4y«  =  22.2  ohms.  Where  the  ohmic  values  of  induc- 
tance and  capacity  are  given  as  in  this  example,  the  calculation  of  impedance  is  very 
simple,  but  when  inductance  and  capacity  are  given  in  milli-henrys  and  microfaradi 
respectively,  it  is  necessary  to  first  calculate  their  ohmic  values  as  in  figs.  1,295  and  1.296. 


Impedance  =    V  6^  -f  8^  =    V  100  =  10  ohms. 

The  current  in  amperes  which  will  flow  through  the  coil  is,  by  Ohm's 
law  using  impedance  in  the  same  way  as  resistance. 


cunxjnt  = 


volt^       =    100  volts 
impedance        10  ohms  ~  *^ 
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EXAMPLE  n. — If  an  ahemating  current,  having  a  frequency  of  60^ 
be  impressed  on  a  ocnl  whose  indnctanoe  is  .05  heniy  and  whose  resistance 
is  6  ohms,  what  is  the  impedance? 

Here  R  —  6;  /  =  60,  and  L  —  .05;  substituting  these  values  in  (2) 

Z=    V6*  +  C2xX60X  .05)*  =    VS3  =  19.8  ohms. 
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EXAMPLE  III. — ^I!  an  alternating  current,  having  a  frequencv  of 
60,  be  impressed  on  a  circuit  whose  inductance  is  .05  henry,  and  whose 
capacity  reactance  is  10  ohms,  what  is  the  impedance? 

Xc«2«/L-2  X  3.1416  X  60X.05  =  18.85  ohms 
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When  a  circtdt  contains  besides  resistance,  both  inductance 
and  capacity,  the  formula  for  impedance  as  given  in  equation  (1),  , 
page  1,058,  must  be  modified  to  include  the  reactance  due  to: 
capacity,  because,  as  explained,  inductive  and  capacity  reactances 
work  in  opposition  to  each  other,  in  the.  sense  that  the  react- 
ance of  inductance  acts  in  direct  proportion  to  the  quantity  • 
2  ir/  L,  and  the  reactance  of  capacity  in  inverse  proportion  to  the* 
quantity  2ir/C.     The  net  reactance  due  to  both,  when  both 
are  in  the  circuit,  is  obtained  by  subtracting  one  from  the  other. 


NON-INDUCTIVE  COIL 
4  OHMS 


INDUCTIVE  COIL 


ALTERNATOR 


Pig.  1.300.— ^Diagram  of  circuit  for  example  IV. 


To  properly  estimate  impedance  then,  in  such  circuits,  the 
following  equation  is  used : 

impedance  =  V  resistance*  +  {inductance  reactance  —  capacity  reactance)^ 


or  using  S5rmbols, 


Z=    V  R«  +  (Xi  -  Xc)«. 


(3) 


EXAMPLE  IV. — A  current  has  a  frequency  of  100.  It  passes  through 
a  circuit  of  4  ohms  resistance,  of  150  milli-henrys  inductance,  and  of  22 
microfarads  capacity.    What  is  the  impedance? 

a.  The  ohmic  resistance  R,  is  4  ohms. 
A  TAe  t'nduciance  reactance,  or 
-Xi  ^2ir/L  -  2  X  3.1416  X  100  X  A5  -  ^^  cJona- 
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(note  that  160  milli-henrys  are  reduced  to  .16  henry  before  substituting 
in  the  above  equation). 


c  The  capacity  reactance,  or 
1 


Xc 


72.4  ohms 


2t/C      2  X  3.1416  X  100  X  .000022 

(note  that  22  microfarads  are  reduced  to  .000022  farad  before  substi- 
tuting in  the  formula.    Why?    See  page  1,042). 
Substituting  values  as  calculated  in  equation  (3),  page  1,060. 

Z  =  V4*  +  (94.2  -  72.4)«  =    V491  =  22.2  ohms. 
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Fig.  1.303. — Diagram  of  a  resonant  drctiit.  A  circuit  is  said  to  be  resonant  when  the  in- 
ductance and  capacity  are  in  such  proportion  that  the  one  neutralizes  the  other,  the  dicuit 
then  acting  as  though  it  contained  only  resistance.  In  the  above  circuit  X4a*2r/L» 
2  X 3.1416  X  100  X  .01  -  6.28 ohms;  X^-  1  +  (2X3.1416  X  100  X. 000253)  »  6.28  ohms 

whence  the  resultant  reactance  -  X|  -  JT^  -  6.28  -  6.28  -  0  ohms.  Z-  VR*+(X<-Xe)* 

■  V7*+?-7ohms. 

Ques.    Why  is  capacity  reactance  given  a  negative  sign? 

Ans.     Because  it  reacts  in  opposition  to  inductance,  that  is 
it  tends  to  reduce  the  spurious  resistance  due  to  inductance. 

In  circuits  having  both  inductance  and  capacity,  the  tangent  of  the 
angle  of  lag  or  lead  as  the  case  may  be  is  the  algebraic  sum  of  the  two 
re^^tances  divided  by  resistance.  If  the  sign  be  positive,  it  is  an  angle 
of  lag;  if  negative,  of  lead. 


Resonance. — ^The  eflEects  of  inductance  and  capacity,  as  al- 
ready explained,  oppose  each  other.  If  inductance  and  capacity 
be  present  in  a  circuit  in  such  proportion  that  the  effect  of  one 
neutralizes  that  of  the  other,  the  circuit  acts  as  though  it  were 
purely  non-inductive  and  is  said  to  be  in  a  state  of  resonance. 
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For  instance,  in  a  circuit  containing  resistance,  inductance,  and 
capacity,  if  the  resistance  be,  say,  8  ohms,  the  inductance  30,  and  the 
capacily  30,  then  the  impedance  is 


V8*  +  (30*-30»)  =1    V«*  «  8  ohms. 


The  formtda  for  inductance  reactance  is  X,-  =  2  x  /  L,  and  for 
capacity  reactance,  X^=l-7-(2x/C);  accordingly  if  capacity 
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Pig.  1 .904. — Application  of  a  choldng  coil  to  a  lightinflr  ctrcait.  The  coil  is  divided  into  sections 
with  leads  nuintng  to  contacts  similar  to  a  rheostat.  Each  lamp  is  provided  with  an  auto- 
matic short-circuttins  cutout,  and  should  one,  two,  or  more  of  them  fail,  a  corresponding 
smmber  of  sections  of  the  choking  apparatus  is  put  in  circuit  to  take  the  place  of  the  broken 
lamp  or  lamp*,  and  tiius  keep  the  current  constant.  It  must  not  be  supposed  that  this  ar- 
rangement of  lamps,  etc  is  a  general  one;  it  being  adopted  to  suit  certain  si>ecial  conditions. 


and  inductance  in  a  circuit  be  equal,  that  is,  if  the  circuit  be 
resonant 

2»/L=-^    (1) 


from  which 


/= 


2t/C 
1 


2x  ■^'CL 


(2) 


Qaes.    What  does  equation  (1)  show? 

Ans.    It  indicates  that  by  varying  the  frequency  in  the  proper 
iray  as  by  increasing  or  decreasing  the  speed  of  the  altematOTr 
the  circuit  may  be  made  resonant,  this  condition  being  obtaim 
vhea  Vbe  fxeqaeaqy  has  the  value  indicated  by  ecj^^uaiOL  ^ 
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Quet.    What  is  the  mutual  effect  of  Inductance  and 
capacity? 

Ans.     One  tends  to  neutralize  the  other. 

Ques.    What  effect  has  resonance  on  the  current? 

Ans.     It   brings   the  current  in   phase  with  the  impressed 
pressure. 
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It  is  very  seldom  that  a  circuit  is  thus  balanced  unless  intsntionaU? 
brought  about;  when  this  condition  exists,  the  effect  is  very  marked,  Uie 
pressure  rising  excessively  and  bringing  great  strain  upon  the  ii  "  "" 
of  the  circuit. 


Oues.    Define  "  critical  frequency." 

Ans.     In  bringing  a  circuit  to  a  state  of  resonance  by  in- 
creasing the  frequency,  the  current  will  increase  with  increasing 
SreQvcncy  until  the  critical  frequency  is  reached,  and  then  the 
current  mil  decrease  in  value  for  further  \nctease  (Altw^tajKi. 
7»e  critical  trcqnency   occurs    -when  ttie  c«cuit  ■K»dB»  "&» 
audition  of  resoDAiuxt. 
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Ques.  How  is  the  value  of  the  current  at  the  critical 
frequency  determined  ? 

Ans.     By  the  resistance  of  the  circuit. 

Skin  Effect. — This  is  the  tendency  of  alternating  currents 
to  avoid  the  central  portions  of  solid  conductors  and  to  flow  or 
pass  mostly  through  the  outer  portions.  The  so-called  skin 
effect  becomes  more  pronounced  as  the  frequency  is  increased. 


COMDUCTOR 

1306. — Section  of  oondoctor  illustratiQ^  "skin  effect"  or  tendency  of  tlic  alternatiag 
corrent  to  distribate  itself  unequally  through  the  cross  section  of  the  conductor  as  shown 
by  the  varied  shading  flowing  most  strongly  in  the  outer  portions  of  the  conductor.  For 
this  reason  it  has  been  proposed  to  use  hollow  or  flat  conductors  instead  of  solid  round 
wires.  However  with  frequency  not  exceeding  100  the  sldn  effect  is  negligibly  small  in 
copper  conductors  of  the  sizes  usually  employed.  Where  the  conductor  is  h^rge  or  the 
freouency  high  the  effect  may  be  judged  by  the  following  examples  calculated  by  Professor 
J.  T.  Thomson:  In  the  case  of  a  copper  conductor  exposed  to  an  electromotive  force 
malrrng  100  periods  |>er  second  at  1  centimetre  from  the  surface,  the  noaximum  current 
would  oe  only  .208  times  that  at  the  surface;  at  a  depth  of  2  centimetres  it  would  be 
onlv  .043:  and  at  a  depth  of  4  centimetres  less  than  .002  part  of  the  value  at  the 
surface.  If  the  frequency  be  a  million  per  second  the  current  at  a  depth  of  l.millimetrs 
is  less  than  one  six-millionUi  part  of  its  surface  value.  The  case  of  an  iron  conductor  Is 
even  more  remarkable.  Taking  the  permeability  at  100  and  the  frequency  at  100  pef 
second  the  current  at  a  depth  of  1  millimetre  is  only  .13  times  the  surface  value;  while 
at  a  depth  of  5  millimetres  it  is  less  than  one  twenty-thousandth  part  of  its  surface  value. 
The  disturbance  of  current  density  may  be  looked  upon  as  a  self-induced  eddy  current  in 
the  conductor.  It  necessarily  results  in  an  increase  of  ohmic  loss;  as  compared  with  a 
steady  current:  proportional  to  the  square  of  the  total  current  flowing  and  consequently 
gives  rise  to  an  apparent  increase  of  ohmic  resistance.  The  coefficient  of  increase  ot  resist- 
ance depends  upon  the  dimensions  and  the  shape  of  the  cross  section,  the  frequency  and 
the  specific  resistance.  A  similar  but  distinct  effect  is  experienced  in  conductors  due  to 
the  neighborhood  of  similar  parallel  currents.  For  example  in  a  -heavy  multicore  cable 
the  nooHmiformity  of  current  density  in  any  core  may  be  considered  as  partly  due  to  eddy 
caneats  induced  by  the  currents  in  the  neiafaboring  cores  and  partly  to  thA  iK&l-\&A»ieMl 
eidyoment.    ItM  only  the  Istter  effect  iitichahouldr^ 

QBflV  the  liSnV4MS  4rMRC 
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Ques.    What  is  the  explanation  of  skin  effect? 

Ans.     It  is  due  to  eddy  currents  induced  in  the  conductor. 

Consider  the  wire  as  being  composed  of  several  small  insulated  wires 
placed  closely  together.  Now  when  a  current  is  started  along  these 
separate  wires,  mutual  induction  will  take  place  between  them,  giving 
rise  to  momentary  reverse  pressures.  Those  wires  which  are  nearer  the 
center,  since  they  are  completely  surroimded  hy  neighboring  wires,  will 
clearly  have  stronger  reverse  pressures  set  up  m  them  than  those  on  or 
near  the  outer  surface,  so  that  the  current  will  meet  less  opposition 
near  the  surface  than  at  the  center,  and  consequently  the  flow  will  be 
greater  in  the  outer  portions. 

Ques.    What  is  the  result  of  skin  effect? 

Ans.     It  results  in  an  apparent  increase  of  resistance. 

The  coefficient  of  increase  of  resistance  depends  upon  the  dimensions 
and  the  shape  of  the  cross  section,  the  frequency,  and  the  specific 
resistance. 

Hughes,  about  1883,  called  attention  to  the  fact  that  the  resistance 
of  an  iron  telegraph  wire  was  greater  for  rapid  periodic  currents  than  for 
steady  currents. 

In  1888  Kelvin  showed  that  when  alternating  currents  at  moderately 
high  frequency  flow  through  massive  conductors,  the  current  is  prac- 
tically confined  to  the  skin,  the  interior  portions  being  largely  useless 
for  the  purpose  of  conduction.  The  mathematical  theory  of  the  subject 
has  been  developed  by  Kelvin,  Heaviside,  Rayleigh,  and  others. 
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Whenever  an  alternating  pressure  is  impressed  on  a  circuit, 
part  of  it  is  spent  in  overcoming  the  resistance,  and  the  rest  goes 
to  balance  the  reverse  pressure  due  to  self-induction. 

The  total  pressure  applied  to  the  circuit  is  known  as  the 
impressed  pressure,  as  distinguished  from  that  portion  of  it 
called  the  active  pressure  which  is  used  to  overcome  the  resistance, 
and  that  portion  called  the  self^nduciion  pressure  used  to 
balance  the  reverse  pressure  of  self-induction. 

The  intensity  of  the  reverse  pressure  induced  in  a  circuit  due 
to  self-induction  is  proportional  to  the  rate  of  change  in  the 
current  strength. 

Thus  a  current,  changing  at  the  rate  of  one  ampere  per  second,  in 
flowing  through  a  coil  having  a  coefficient  of  self-induction  of  one  henry, 
will  induce  a  reverse  pressure  of  one  volt. 

Ques.  Describe  how  the  rate  of  change  In  current 
strength  varies,  and  how  this  affects  the  reverse  pressure. 

Ans.  The  alternating  current  varies  from  zero  to  maximum 
strength  in  one-quarter  period,  that  is,  in  one-quarter  revolution 
of  the  generating  loop  or  90°  as  represented  by  the  sine  curve 
in  fig.  1,307.  Now,  during,  say,  the  first  10  degrees  of  rotation 
(from  0  to  A),  the  current  jumps  from  zero  V^u^  Xo  t!  ^  ^  ^^ 


iilll 


amperes,  according  to 
the  scale ;  during  some 
intermediate  10  de- 
grees of  the  quarter 
revolution,  as  from  B 
to  C,  the  current  in- 
creases from  B '  toC'ot 
2J^  amperes,  and  dur- 
ing another  10  de- 
grees as  from  D  to  B, 
at  the  end  of  one- 
quarter  revolution 
where  the  sine  curve 
reaches  its  amplitude, 
it  rises  and  falls  J^ 
ampere.  It  is  thus 
seen  that  the  rate  of 
change  varies  from  a 
maximum  when  the 
current  is  least,  to 
zero  when  the  current 
is  at  its  maximum. 
Accordingly,  the  re- 
verse pressure  of  self- 
induction  being  pro- 
porlional  to  the  rate 
of  change  in  the  current 
strength,  is  greatest 
when  the  current  is 
at  zero  value,  and 
zero  when  the  cur- 
rent is  at  its  maxt< 
mum. 
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This  relation  is  shown  by  curves  in  fig.  1,308,  and  it  should  be  noted 
that  She  reverse  pressure  and  current  are  90*  apart  in  phase.  For  tiiis 
reason  many  altematine  current  problems  may  be  solved  graphically 
by  the  use  of  right  angle  triangles,  the  sides,  drawn  to  some  arbitrary 
scale,  to  represent  the  quantities  involved,  such  as  resistance,  reactance, 


Properties  of  Right  Angle  Triangles. — In  order  to  tmder- 
stand  the  graphical  method  of  solving  alternating  current  prob- 
lem^ it  is  necessary  to  know  why  certain  relations  exist  between 
the  sides  of  a  right  angle  triangle.  For  instance,  in  every  right 
aag]e  triangle: 


PHASE 
DIFFEJENCC 


AcL  1306. — Stoe  curves  ihowiaff  phase  relatiim  between  current  and  reverse  pressure  of  self- 
Indoction.  This  reverse  pressure,  being  proportional  to  ths  rate  of  change  in  the  current 
strength,  is  greatest  when  the  current  is  at  zero  value,  and  aero  when  the  current  is  maximum^ 
and  in  phase  is  00*  behind  the  current. 


The  square  of  the  hypothenuse  is  equal  to  the  sum  of  the  squares 
en  the  other  two  sides. 
That  is,  condensing  this  statement  into  the  form  of  an  equation : 

hypothenuse^^  base^  +  altitude^ (1) 

the  horizaotal  side  being  called  the  base  and  the  vetlVcaJL  ^ftj&» 

tie  altitude. 

This  may  be  called  the  equation  of  the  right  Jms\e  \wax^\fc. 
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Ques.  Why  Is  the  square  of  the  hsrpothenuse  of  a 
r j^t  angle  triangle  equal  to  the  sum  of  the  squares  of 
the  other  two  sides? 

Ans.  This  may  be  explained  with  the  aid  of  fig.  1,309.  Draw 
a  line  AB,  4  inches  in  length  and  erect  a  perpendicular  BC,  3 
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Pig.  1.309.— /«  a  rtght  angle  triangU  the  square  on  the  hypothenuse  is  equal  to  the  sum  Cjftke 
squares  on  the  other  two  sideu  That  is:  hypothenuse*  »m  bas^ -^  altitude.  Draw  AB,  4 
incheslonR  and  BC,  3 inches  'onff  and  at  riRhtanples to  A  B.  Join  AC,  which  will  be  found 
to  b^  5  inches  lonff.  Prom  the  diagram,  it  must  be  clear  that  the  square  on  AC  —  «am  of 
squares  on  AB  and  BC;  that  is.  fi«»  4«  +3«.  Further.  4«-  6«-  3«;  8«-  5«-  4«; 
5-  V4«  +  3«;  4  -  V5«-  ?«•  3  -  V5«-  4«. 

/ncAes  in  height;   connect  A  and  C,  ?>v\tv^  the  right  angle 
j^'ang^/e  ABC.     It  will  he  found  that  XC  t\v^  \vT^^V«£i>asfc  ^\ 
^s  Mangle  is  5  inches  long.     If  squares  bo  c3OT&\s>MioeA.  to.  ^ 
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.    three  sides  of  the  triangle,  the  square  on  the  hypothenuse  will 
i    have  an  area  of  25  sq.  ins.;  the  square  on  the  base,  16  sq.  ins., 
and  the  square  on  the  altitude,  9  sq.  ins.    Then  from  the  figure 
I    5^=4^+3^  that  is  25  =  16+9. 


i 


Repeating  equation  (1),  it  is  evident  from  the  figure  that 

base^  -f  altitud^\ 


hypotheniis(^\  ^ 

5«  J     1  4»     +       3«      J 

that  is, 

25  =16+9. 

In  the  right  angle  triangle,  the  following  relations  also  hold: 

base^=  hypothenuse^  —altitude'^ (2) 

(4«    =  5>  -      3«) 

aUiiude^=  hypothenuse'^  —  base^ (3) 

(3«       =  5'  -     4«) 

In  working  impedance  problems,  it  is  not  the  square  of  any  of 
the  quantities  which  the  sides  of  the  triangle  are  used  to  represent 
that  is  required,  but  the  quantities  themselves,  that  is,  the  sides. 
Hence  extracting  the  square  root  in  equations  (1),  (2)  and  (3), 
the  following  are  obtained: 


hypothenuse  =^    ^1  base^ +altttude^ (4) 


(5         =    V    4«    4-     3^ 


base  =  'yl  hypothenuse^  —altitude^ (5) 

(4  =  V         55  =      ¥) 

altitude  =  V  hypothenuse^ — base^ (6) 

IB      -  V  55  ITl?) 


Representation   of 
Forces    by   Lines. — A 

single  force  may  be  rep- 
resented in  a  drawing  by 
a  straight  line,  1,  tiis 
point  of  application  of 
the  force  being  indicated 
by  an  extremity  of  the 
line,  2,  the  intensity  of  the 
force  by  the  length  of  the 
line,  and  3,  the  direction 
of  the  force  by  the  direc- 
tion of  the  Hne,  an  arrow 
head  being  placed  at  an 
extremity  defining  the 
direction. 

Thus  in  fig.  1^10,  ths 
force  necessary  to  balance  tiw 
thrust  OD  the  steam  pistoo 
ma.y_  he  represented  by  Ihe 
straight  line  /  whose  length 
measured  on  any  convenient 
scale  rp  presents  the  intensity 
of  the  force,  and  whose  ■direc- 
tion represents  the  direction 
of  the  force. 

Composition       of 

Forces.— This  is  theoper- 
ation  of  finding  a  single 
force  whose e^ectis  the  same 
as  the  combined  effect  of 
two  or  more  given  forces. 
The  required  force  is 
called  the  resultant  of  the 
giveaforoes. 
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The  composition  of  forces  may  be  illustrated  by  the  eflFect  of 
the  wind  and  tide  on  a  sailboat  as  in  fig.  1,311.  Supposing  the 
boat  be  acted  upon  by  the  wind  so  that  in  a  given  time,  say  half 
an  hour,  it  would  be  moved  in  the  direction  and  a  distance 
represented  by  the  line  AB,  and  that  in  the  same  time  the  tide 
would  carry  it  from  A  to  C.  Now,  lay  down  AB,  to  any  con- 
venient scale,  representing  the  effect. of  the  wind,  and  AC  that 


Pig.  1^11. — Parmllelognun  of  forces  for  boat  acted  upon  by  both  wind  and  tide. 


of  the  tide,  and  draw  BD  equal  and  parallel  to  AC,  and  CD 
equal  and  parallel  to  AB,  then  the  diagonal  AD  will  represent 
the  direction  and  distance  the  boat  will  move  under  the  com- 
bined effect  of  wind  and  tide. 

Que8.    In  fig.  1,311  what  is  the  line  AD  called  ? 

Ans.    The  resultant,  that  is,  it  represents  the  actual  ts^n^tcc^ssc^. 
of  the  boat  resulting  £romjthe  combined  forces  oi  ^^nxA  esA>3L^^ 
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Ques.  What  are  the  forces,  AB  and  AG  in  fig.  1.31 
represented  by  the  sides  of  the  parallelogram,  and  whi( 
act  upon  a  body  to  produce  the  resultant,  called  ? 

Ans.     The  components. 

EXAMPLE. — Two  forces,  one  of  3  lbs.  and  one  of  4  lbs.  act  at 
point  a  in  a  body  and  at  right  angles,  what  is  the  resultant? 

C 0 


COMPONENT 


Fig.  1,312. — Parallelogram  of  forces;    method  of  obtaining  the  resultant  of  two  compcmti 
acting  at  right  angles. 

Take  any  convenient  scale,  say  1  in.  =  1  lb.,  and  lay  off  (fig.  1311 
AB  =  4  ins.  =  4  lbs.;  also,  AC  (at  right  angles  to  AB)  =  3  ins.  =  3  11 
Draw  CD  and  BD  parallel  to  AB  and  AC  respectively,  and  join  A 
The  line  AD  is  the  resultant  of  the  components  AB  and  AC,  and  wh 
measured  on  the  same  scale  from  which  AB  and  AC  were  drawn  will 
found  to  be  5  inches  long,  which  represents  5  lbs.  acting  in  the  direct! 
AD. 


Circuits   containing   Resistance  and    Inductance. — 

circuits  of  this  kind  where  the  impressed  pressure  enoounti 
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both  resistance  and  inductance,  it  may  be  looked  upon  as  split 
kp  into  two  components,  as  already  explained,  one  of  which  is 
necessary  to  Overcome  the  resistance,  and  the  other,  the  induc- 
tance.   That  is,  the  impressed  pressure  is  split  up  into 

1.  Active  pressure,  to  overcome  resistance; 

2.  Self-dnduction  pressure  to  overcome  inductance. 


COIL 


iNoucnvi 

COIL 


r^S^VWWVr'TnnJOT^ 


.0. 


fisssm  ^^s»a^ 


S 
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Pte.  1.313. — Diagram  illustrating  the  aciivg,  and  sHf-induction  pressutes,  or  the  two  oomponentt 
ol  the  impressed  pressure  m  circuits  coniaimng  resistance  and  inductance.  The  active 
pressure  is  the.volts  required  to  overcome  the  resistance  of  the  circuit.  In  the  figure  only 
the  portion  from  A  to  C  is  considered  as  having  resistance  (the  rest  being  negligibly  small) 
esoept  at  R,  a  resistance  equivalent  to  that  of  the  inductive  coil  is  inserted  next  to  the 
oon-mductive  coil,  so  Pa  will  give  the  total  "ohmic  drop"  or  active  pressure,  that  is. 
the  pressure  necessary  to  force  any  equivalent  direct  current  from  A  to  C.  This  active 
preseure  Pa  or  component  of  the  mipressed  pressure  is  in  phase  with  the  current.  The 
Ottier  oompooent  or  self -induction  preisure  Pi  that  is  the  reactance  drop  necessary  to 
orercome  the  reverse  pressure  of  self -induction  aiiu  la  at  ng&t  angles  to  the  current  and  Qa" 
ahead  of  the  current  in  i>hase.  It  is  refi^istered  by  a  voltmeter  between  B  and  C,  less  the 
preseore  due  to  ohmic  resistance  of  the  inductive  coil.  The  impressed  pressure  Pm  then 
or  total  pressure  required  to  force  electricity  around  the  circuit  not  including  the  resistance 
R,  (  which  is  removed  ifom  the  circuit  when  the  reading  of  the  impressed  pressure  is  taken ). 
is  equal  to  the  square  root  of  the  sum  of  the  squares  of  the  two  components,  that  is,  P^  « 

The  active  pressure  is  in  phase  with  the  current. 

The  self  induction  pressure  is  at  right  angles  to  the  current  and  90 
degrees  ahead  of^ff^  current  in  phase, 

Ques.  Why  is  the  active  pressure  in  ^hase  with  the 
airrent? 

Ans.  The  pressure  used  in  overcoming  resistance  is  from 
(Kun's  law,  E  =  RI.  Hence,  when  the  current  is  zero,  E  is  zero, 
and  when  the  current  is  a  maximum  E  is  a  maximum.  Hence, 
that  component  of  the  impressed  pressure  necessary  to  on^- 
^fsnoib  ^i^TedstaacemiM  be  tn  phase  wtikihecw^ 


1.076 


BAWKINS  ELECTRICITY 


Ques.    Why  is  this? 

Ans.  Since  the  reverse  pressure  of  self  induction  is  90^  behind 
the  ctirrent,  the  component  of  the  impressed  pressure  necessary 
to  overcome  the  reverse  pressure  ol  self  induction,  being  opposite 
to  this,  will  be  represented  as  being  90®  ahead  of  the  current. 

The  distinction  between  the  reverse  pressure  of  self-induction,  that 
is,  the  induced  pressure,  and  the  pressure  neoessaiy  to  overcome  sdf« 
induction  should  be  carefully  noted.    They  are  two  equal  and  opposite 


OHMIC  DROP 


Fig.  1.314. — Graphical  method  of  obtaining  the  impressed  pressure  in  circuits  containing  re* 
sistance  and  inductance,  having  given  the  ohmic  drop  and  reactance  drop  due  to  inductance. 
With  any  convenient  scale  lay  off  AB  »  ohmic  drop  and  erect  the  perpendicular  BC 


reactance  dro]^  (using  same  scal»3).  Join  AC.  whose  length  (measured  with  same  scale) 
will  give  the  impressed  pressure.  Constructing  a  paraUelograa  with  dotted  lines  AD 
and  CD,  it  is  evident  that  AC  is  the  resuUanl  of  the  two  components  AB  and  BC,  or  its 
equal  AD. 


I 


forces,  that  is,  two  balancing  forces  just  as  is  shown  in  fig.  1,310.  Here^ 
in  analog}',  the  thrust  of  the  piston  may  represent  the  induced  pressure 
and  the  equal  and  opposite  force  indicated  by  the  arrow  /,  die  com- 
ponent of  the  impressed  pressure  necessary  to  balance  the  induced 
pressure. 

The  Active  Pressure  or  '*  Ohmic  Drop.** — ^The  component  of  the 
impressed  pressure  necessary  to  overcome  resistance,  is  from  Ohm's  law: 
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acHve  pressure '^ohmic  resistanceXvirtual  current 
that  is 

Ea-RJr (1) 

this  is  the  "ohmic  drop"  and  may  be  represented  by  a  line  AB,  fig.  1,.314 
dxawn  to  any  convenient  scale,  as  for  instance,  1  in.  >■  10  volts. 

The  Sdf -induction  Pressure  or  "Reactance   Drop.** — The 

component  of  the  impressed  pressure  necessary  to  overcome  the  indttoed 
pressure,  is  from  Ohm's  law: 

inductance  pressure^ inductance  reactanceXvirtual  current; 

that  is. 

Ei'XiU 00 


l»n 


isvours 


B  REACTANCE    DROP 

SCAU<1IM«4V0LT8 

ffta.  IjSlS. — Diasram  for  Unpreeeed  ppewura  on  drcoit  ooatainliig  6  volts  ofaxnio  dxop  aad 
16  volts  reactsnce  dfx>p. 

Now  the  reactance  X;,  that  is  the  spurious  resistance,  is  obtained 
from  the  formula 

X<-2t/L ©) 

as  explained  on  page  1,038,  and  in  order  to  obtain  the  volts  necessary  to 
overcome  this  spurious  resistance,  that  is,  the  "  reactance  drop  "  asit 
18  called,  the  value  of  X^  in  equation  (3)  must  be  substituted  in  equatun 
(2),  giving 

£|-2t/LI (4) 

miting  simply  I  for  the  virtual  pressure. 

Since  the  pressure  impressed  on  a  circuit  is  considered  as  made  up 
ol  two  components,  one  in  phase  with  the  current  and  one  at  right  ang^ 
to  the  current,  the  component  £|  or  "reactance  drop"  as  given  in 
equation  (4)  may  be  represented  by  the  line  BC  ia.fig.  1,314,  at  ri^t 
aqflfles  to  AB,  and  of  a  length  BC,  meastued  with  the  oaxfift  m^  %a^ 
SHasoiedAB,  to  oam^xmd  to  tha  v^^^  indi5!ttgdby  tfffMrinntk  ^ift- 
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EXAMPLE. — In  an  alternating  circuit,  having  an  ohinic  drop  of 
6  volts,  and  a  reactance  drop  of  1.5  volts,  what  is  the  imDressed  pressure? 

With  a  scale  of  say,  K  iach=one  volt,  lay  off,  in  fig.  1,315,  AB -5 
volts  -  i}i  in.,  and,  at  right  angles  to  it,  BC= 15  volts  =  "  or  3Ji  ins,  Joui 
AC;  this  measures  3.95  inches,  nvhich  is  equivalent  to  3.95X4-15.8 
vcd^theimpressedpressure.  Byusinggoodpaper,suchasbristolboard,a 
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Pig.  1.310. — DiasTMn  of  circuit  contai 


ling  6  volt*  ohnic  drop,  kod  IS  volu  n 


&CALEitlN.<4V0LTft 
Pic.  1,817.— Diagram  for  obtaini 


REACTANCE    DNOP 


I 


6H  pencil,  engineers'  scale  and  triangles  or  square,  such  problems  are 
solved  with  precision.  By  calculation  impressed  pressure—  V6*+15'" 
16.S  voJts.  Note  that  the  diagram  is  drawn  with  the  sideBCborilOBtal 
mstead  of  AB— amply  to  aave  spaoe. 
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EXAMPLE. — In  an  alternating  circuit,  having  an  ohmic  drop  of  6 
volts  and  an  impressed  pressure  of  15.8  volts,  what  is  the  reactance  drop? 

In  fig.  1,317,  draw  a  horizontal  line  of  indefinite  length  and  at  any 
point  B  erect  a  perpendicular  AB=5  volts.  With  A  as  center  and 
radius  of  length  equivalent  to  15.8  volts,  describe  an  arc  cutting  the 
horizontal  line  at  C.  This  gives  BC,  the  reactance  drop  required,  which 
by  measurement  is  15  volts. 


REACTANCE  DROP 


1^18. — ^Diagram  for  obtaining  ohmic  drop  in  the  circuit  fig.  1,3 16  when  Impressed  pressure 
■nd  reactance  drop  are  given.  Lay  off  BC  to  scale  ■■  reactance  drop;  draw  AB  at  right 
■agle  and  of  indefinite  length;  with  C  as  center  and  radius  of  length  »  impres8edl>res8ure» 
describe  an  arc  cutting  ohnoic  drop  line  at  A,  then  AB  «  (mmic  drop  «  6  voUU  by 
It. 
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1,310.— Graphical  method  of  finding  angle  of  lag  when  the  ohmic  drop  and 
drop  are  given.    The  angle  of  lag  ^,  is  that  ansle  included  between  the  impresied 
ana  the  ohmic  drop  lines,  that  is,  between  AC  and  AB. 


EXAMPLE. — ^An  alternating  current  of  10  amperes  having  a  frequency 
of  60,  is  impressed  on  a  circuit  containing  a  resistance  of  5  ohms  aad  ttSi 
inductanoe  of  15  miUi-heniTs.    What  is  the  imptesaed  ptesisoxci^ 

The  Bctiv»pnB8gum  or  obadc  drop  as  5>C10«b60  vtjlta* 
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fREQUENCY  60 


K)  AMPERES  5  OHM& 


y6«06"flfl"fl06"flfl6V_ 

15   HILLI -HENRYS 


^U^gSokTW  I         IMPRESSED  VDLTAftg 


Fig.  1,320. — ^Diamm  of  circuit  oontaming  6  ohms 
8  ampere  00  frequency  current. 


reeiitanoe,  15  milli-henryt  inductance,  with 


The  inductanoe  reactanoe  or  X4  » is  2  X  3.1416  X  60  X.015  »  5.66  ohms 
Substituting  this  and  the  ctirrent  value  10  amperes  in  the  formula  for 
inductance  pressure  or  reactance  drop  (equation  2  on  page  1,077)  gives 
£«-5.66Xl0-66JS  volts. 


SCALE  t  1  in- 20  VOLTS 


OHMIC    DROP 


Fic.  1,821. — Diaffram  for  impreaaed  pressure  on  circuit  containinff  5  ohms  resistance 
iaductunce  of  16  miUi-haizy,  the  current  being  10  amperes  with  freq«ency  of  60. 


and 


^f  in  ^^•,  ''^^'  '^y  ofAB-SO  volts,  and  BC  -^A;j^^^k„^*lf*\;S^ 
Ac3J"^^u*°.  the  inch  gives  AB  -2.5  im..  ««4^^-^*l>5|:4,^JSr 
^C^Kes  the  impnssssed  voltage,  which  by  ti««wx«CDBnX«^*-*'^^ 
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In  some  problems  it  is  required  to  find  the  impedance  of  a 
dicuit  in  which  the  ohmic  and  spurious  resistances  are  given. 
This  is  done  in  a  manner  similar  to  finding  the  impressed  pressure. 

Ohmic  resistance  and  spurious  resistance  or  inductance  re- 
actance both  tend  to  reduce  an  alternating  current.      Their 
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Fk.  1.322. — Gnphical  method  of  obtuning  the  impedance  in  circuits  containing  renstance  and 
inductance,  having  given  the  resistance  and  reactance,  that  is.  the  ohmic  resistance  and 
spuriouA  resistance.  With  any  convenient  scale  lay  off  AB  ■■  resistance,  and  erect  the 
perpendicular  BC  »  reactance  (usin^  the  same  scale);  join  AC.  whose  length  (measured 
witn  the  same  scale)  will  give  the  impedance. 


combined  action  or  impedance  is  equal  to  the  square  root  of 
the  suTQ  of  their  squares,  that  is, 


impedance  =  V  resistance'  +  reactance' 

This  relation  is  represented  graphically  by  the  side  of  a  right 
Angle  triangle  as  in  fig.  1322,  in  which  the  hypothenuse  corresponds 
to  the  impedance,  and  the  sides  to  the  resistance  atv.diesjcX.^x^^^, 

'^^^a^^^'^Wbl^.^^^^  ?^«  resistance  ia  4  o\vma.MAV>« 
-**•«•     wwaaz  is  the  impedance? 
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Infig.  1,323,  lay  off,  on  any  scale  AB  =  4  ohms  and  erect  the  n 
dicular  BC  ~  3  ohms.  Join  AC,  which  gives  the  impedance,  ana 
is,  measured  with  the  same  scale,  fi  ohrns. 

EXAMPLE. — A  coil  of  wire  has  a  resistancu  of  20  ohms  a 
inductance  of  Ifi  niilli-hearys.  What  is  its  impedance  for  a  c 
having  a  frequency  of  100? 


Fig.  1.323,— Diagrun  fcr 


The  ohmic  value  of  the  inductance,  that  is,  the  reactance  is 
2t/L  =  2  X  3.1416  X  100  X  .015  =  9.43  ohms. 

In  fig.  1.324,  lay  off,  on  any  scale,  AB  =  20  ohms,  and  the  perpendicular 
BC  tolength  ^9.42  ohms.  Join  AC,  which  gives  the  impedance,  whid) 
is,  measured  on  the  same  scale,  22.1  ohms. 


EXAMPLE.- 
of  4  ohms  and  a 
Construct  the  i 


a  circuit  having  a 


ipedance  diagram  ii 
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lenoted  by  4)  is  the  angle  of  lag,  that  is,  the  angle  BAG.  By  measure- 
lent  with  a  protractor  it  is  37  degrees.  By  calculation  the  tangent  of  the 

From  the  table  on  page  451,  the  angle  is  approximately  37^. 


24. — Diagram  for  impedance  of  circuit 
imns  20  c^mis  resistance,  and  inductance 
m^hfenrys,  when  the  frequency  is  100. 


R«20  0HM5 


S. — DiagFam  showing  angle  of  lag  for  cur> 
xwtaifiing  4  ohms  resistance  anoT  3  ohms 


iieeiftTANce"40MM% 
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Circuits  containing  Resistance  and  Capacity. — ^The 
effect  of  capacity  in  an  alternating  current  circuit  is  to  cause  the 
current  to  lead  the  pressure,  since  the  reaction  of  a  condenser, 
instead  of  tending  to  prolong  the  current,  tends  to  drive  it  back. 

Careful  distinction  should  be  made  between  capacity  in 
series  with  a  circuit  and  capacity  in  parallel  with  a  branch  of  a 
circuit.    The  discussion  here  refers  to  capacity  in  series,  which 


CiRCUlT   CONTINUOUS 
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Pig.  1,326. — Circuit  diagram  illustratirig  the  distinction  between  capacity  in  series  and  eapadly 
in  parallel.  The  condition  for  capacity  in  series  is  that  the  circuit  must  be  discontinaoas 
as  at  M ;  for  capacity  in  parallel  the  main  circuit  must  be  continuous;  this  means  that 
the  capacitjr  must  be  inserted  in  a  branch  of  the  main  circuit  as  at  A.  In  the  figure  the 
capacity  S  is  connected  in  series  with  respect  to  the  branch,  that  is,  the  branch  is  dis- 
continuous, but  it  is  in  parallel  with  respect  to  the  main  circuit,  when  the  latter  is  coo- 
tinuous,  that  is,  when  the  switch  W  is  closed.  If  W  be  opened,  the  main  circuit 
discontinuous  and  S  is  changed  from  in  parallel  to  in  series  connection. 


means  that  the  circuit  is  not  continuous  but  the  ends  are  joined 
to  a  condenser,  as  shown  at  the  right  in  fig.  1,326,  so  that  no  cur- 
rent can  flow  except  into  and  out  of  the  condenser. 

Ques.    In  circuits  containing  resistance  and  capacity 
upon  what  does  the  amount  of  lead  depend  ? 

Ans.    Upon  the  relative  values  of  the  resistance  and  the 
capacity  reactance. 
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Ones.  Describe  the  action  of  a  condenser  when  current 
bqrplied. 

Ans.  When  the  current  b^iins  to  flow  into  a  condenser,  that 
iSk  when  the  flow  is  maximuni,  the  back  pressure  set  up  by  the 
ooodenser  (called  the  condenser  pressure)  is  zero,  and  when  the 
tow  finally  becomes  zero,  the  condenser  pressure  is  a  maximum. 


CONDENSER  FKESSUNE 
90*ANEAD  OF  THE  CURRENl 


^^ 


fh&  LS27^— Curreat  and  pressure  carves  showing  that  the  condenser  jireasure  la  00*  ahead 
of  the  current.  A  current  flowing  into  a  condenser  encounters  a  gradually  increasing 
pressure  which  opposes  it,  beginning  from  zero  pressure  when  the  current  enters  at  maxi- 
nam  flow  and  increasing  to  the  same  value  as  the  current  pressure,  at  which  time  the 
corrent  ceases  to  flow.  Uence.  since  the  current  varies  from  zero  to  maximum  in  one 
goarter  period,  or  90*,  the  phase  difference  between  current  and  condenser  pressure  is  00*. 
The  ondenser  pressure  reaching  a  positive  maximum  when  the  current  starts  from  zero 
oo  the  positive  wave,  is  90*  ahead  of  the  current. 


Ques.    What  does  this  indicate? 

Ans.  It  shows  that  the  phase  difference  between  the  wave 
representing  the  condenser  pressure  and  the  current  is  90°,  as 
illustrated  in  fig.  1»327. 

Ques.  Is  the  condenser  pressure  ahead  or  behind  the 
current  and  why? 

Ans.    It  is  ahead  of  the  current.     The  condenser  ^t^ssat^, 

^-° '^^  <^^enser  h  discharged  h^ng  z^,  X\i^  C0^^\.  ^\^ 
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at  maximum  velocity  as  at  A  in  fig.  1,327,  and  gradtially  de- 
creases to  zero  as  the  condenser  pressure  rises  to  maximum  at  B, 
this  change  taking  place  in  one-quarter  period.  Thus  the 
condenser  pressure,  which  opposes  the  current,  being  at  a  maxi- 
mum when  the  current  begins  its  cycle  is  90®  ahead  of  the  current^ 
as  is  more  clearly  seen  in  the  last  quarter  of  the  cycle  (fig.  1,327). 


_  CXPAQTY  PRESSURE 
so*  BEHIND  THE  CURRENT 


fKE.^ 


Fig.  1.328. — Current  and  pressure  curves,  showing  phase  relation  between  the  current,  con* 
denser  pressure,  and  iinpressed  or  capacity  pressure  necessary  to  overcome  the  condenser 
pressure.  The  capacity  pressure,  since  it  must  overcome  the  condenser  pressoxe,  is 
equal  and  oi>posite  to  the  condenser  pressure,  that  is.  the  phase  diflference  is  180*.  The 
condenser  pressure  being  90*  ahead  of  the  current,  the  impressed  pressors  is  00*  hthhui 
the  current. 


Ques.  What  is  the  phase  relation  between  the  con- 
denser pressure  and  the  pressure  applied  to  the  condenser 
to  overcome  the  condenser  pressure? 

Ans.  The  pressure  applied  to  the  condenser  to  overcome  the 
condenser  pressure,  or  as  it  is  called,  the  capacity  pressure^  must 
be  opposite  to  the  condenser  pressure,  or  90**  behind  the  currenL 

In  circuits  containing  resistance  and  capacity,  the  total 
pressure  impressed  on  the  circuit,  or  impressed  pressure^  as  it  is 
called^  is  made  up  of  two  components: 


1 
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1.  The  active  pressure,  or  pressure  necessary  to  overcome 
the  resistance; 
The  active  pfessore  is  in  phase  with  the  curreoL 

2.  The  capacity  pressure,  or  pressure  nnroMarji  to  overcome 
the  condenser  pressure, 
The  capacity  pressure  is  90  degrees  behind  the  current. 

OH  MIC  phop 5 


hsL  1.320.— Graphical  method  of  obtaining  tho  imprened  preMtire  in  drcuita  containing 
fctastance  and  capacity,  having  given  the  ohmic  drop  and  reactance  drop  due  to  capadtjr. 
With  any  convenient  fcale,  lay  off  AB  »  ohmic  drop,  and  at  right  angles  to  AB  draw 
BC  ■"  reactarue  drop  (using  the  lame  scale).  Join  AC.  whose  length  (measured  with  tha 
same  scale)  will  give  the  imprtssed  prtssture,  th»  mathematical  ezprewions  for  the  threa 
quantities  are  given  inside  the  triangle,  and  explained  in  the  text. 


Problems  involving  resistance  and  capacity  are  solved  similarly 
to  those  including  resistance  and  inductance. 

The  Active Preesure  or  **  Obmic  Drop."— This,  asbdoie  f^T;^i>rA 

A^^i^wi^'  /a  ^^'  b^^'  ^y  *  ^^*"«  AB,  which  in  tnasroXM^^  ec^asa*^ 
^^  e  law,  the  product  o/  the  resistance  multipW 


£.» 


KV 


.0^1 
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The  Capacity  Pressure  or  **  Reactance  Drop.** — ^This  component 
of  the  impressed  pressure,  is,  applying  Ohm's  law, 

capacity  pressure  =  capacity  reactance  X  virtual  current,, 

E,=X,I, (2) 

That  is,  the  expression  for  capacity  reactance  Xe,  that  is,  for  the 
vahie  of  capacity  m  ohms  is,  as  e]q>lained  on  page  1,048, 

X^-oTTT^ (3) 


PREaUENCY 
60 


2tJ0 


RESISTANCE 

AWW\;i 

30  OHMS 


CONDENSER  • 


8  AMPERES 


125  MICROFARADS 


OHMtC  DROP 
VOLTS 


REACTANCE  DROP 
VOLTS 


Pig.  1,390. — Diagram  of  ctrctut  containing  a  resistance  of  30  ohms  and  capacity  of  125  micro' 
farads.  The  calculation  for  impresaed  pressure,  ohmic  drop,  and  reactance  drop  for  a 
current  of  8  amperes  at  frequency  60  is  given  in  the  example  on  page  1,080,  the  alJignBO 
for  impressed  pressure  being  given  in  fig.  1.331. 


Substituting  this  value  of  Xc  in  equation  (2)  and  writing  I  for  virtual  current 


£< 


2t/C 


(4) 


:  .    CAUTION  — ^The  reader  should  distinguish  between  the  1  (one)  m  (3)  and  the  letter  I  in 
(4Hboth  look  alike. 

Since  the  capacity  pressure  is  90®  behind  the  current,  it  is  represented 
..  .  ,  in  fig.  1,329,  by  a  line  BC,  drawn  downward,  at  right  angles  to  AB,  and 
of  a  length  corresponding  to  the  capacity  pressure,  that  is,  to  the  react- 
ance drop. 

The  Imj;>re88ed  Pressure. — Having  determined  the  ohmic  and  re- 
actance drops  and  represented  them  in  the  diagram,  fig.  1,329,  by  lines 
AB  and  BC  respectively,  a  line  AC  joining  A  and  C,  will  then  be  the 
resultant  of  the  two  component  pressures,  that  is,  it  will  represent  the 
impressed  pressure  or  total  pressure  applied  to  the  circuit. 

In  the  diagram  it  should  be  noted  that  the  active  pressi^re  is  called 
the  ohmic  drop,  and  the  capacity  pressure,  the  reactance  drop^ 


V-V 
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EXAMPLE. — A  drctiit  as  shown  in  fig.  1,330  contains  a  resistance  of 
30  ohms,  and  a  capacity  of  125  microfarads.  If  an  alternating  current 
of  8  amperes  with  frequency  60  be  flowing  in  the  circuit,  what  is  tho 
ohmic  drop,  the  reactance  drop,  and  the  impressed  pressure? 

The  ohmic  drop  or  active  pressure  is,  substituting  in  formula  (1)  on 
page  1.087. 

Efl= 30X8 =240  volts 

whidi  is  the  reading  of  voltmeter  A  in  fig.  1,330. 

OHMIC  DROP  -  240  VOLTS 
240  4-80-8' 


eCALEt|'*60V0LT5 


a,  1,33L'— Diagram  for  obtaining  the  impressed  pressure  of  the  circuit  shown  in  fig.  1,33(X 


The  reactance  drop  or 
I 


E,- 


8 


2ir/C      2X3.1416X60X  .000125 


170  volts 


in  substituting,  note  that  the  capacity  C  of  125  microfarads  is  reduced 
tc  .000125  farad. 

Using  a  scale  of  say  1  inch =80  volts,  lay  off  in  fig.  1,331,  AB  equal 
to  the  ohmic  dn>p  of  240  volts;  on  this  scale  AB  =3  inches.  I-ray  off 
at  right  angles,  BC = reactance  drop  =  170  volts = 2. 125  inches.  Jt)in  AC, 
whidi  gives  the  impressed  voltage,  (that  is  the  reading  of  voltmeter  I 
in  fig.  1,330,)  which  measures  294  volts. 


gy  calculation^  impressed  pressure  ^  V24V-V11V»7MncS^X&. 
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EXAMPLE.— In  the  circuit  shown  in  fig.  1,330»  what  is  the  angle  of 
lead? 

The  tangent  of  the  angle  of  lead  is  given  hy  the  quotient  of  the  re- 
actance divided  by  the  resistance  of  the  circuit.    That  is, 


reactance      reactance  drop 

tan  ih  ^'^  '  ^~*  ' 

resistance      resistance  drop 


tan^»|£ 


Ea     2r/C 


+  E 


a- 


0) 


o 

«0 


Z  — 


C 


a 


+ 


m 

< 


B>^ 


C 
1 


RETCIIENCe  UNC- 


0    - 

B 

mrcDANce 
•5C-B'c'-Cb 


IMPEDANCE*  EC- W 


Vig,  1,332  and  1.333. — Diagrams  for  circuits  containing  inductance  and  capacity.  Sinoi 
Inductance  and  capacity  act  180*  apart,  their  reactances,  or  their  ohmic  drops  may  be 
represented  by  oppositely  directed  hnes.  These  may  be  drawn  above  and  below  a  refer- 
ence line,  as  in  ng.  1,332,  and  their  algebraic  sum  taken,  or  both  may  be  drawn  on  the 
same  side  of  the  reference  line  and  their  difference  in  lengths,  as  CD,  fig.  1.333,  measured. 
Recourse  to  a  diagram  for  obtaining  the  resultant  reactance  in  circuits  containing  inductance 
and  capacity  is  unnecessary  as  it  is  simply  a  matter  of  taking  the  difference  of  two  quantities. 

The  tangent  is  given  a  negative  sign  because  lead  is  opposed  to  lag 
and  because  the  positive  value  is  assigned  to  lag.    Substituting  in  (1) 

^      ,     170        2.125" 


the  angle  corresponding  is  approximately  35^^**  (see  table  page  451) 
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Circuits  Contaiiiiiig  Inductance  and   Capacity. — The 

effect  of  capacity  in  a  circuit  is  exactly  the  opposite  of  inductance, 
that  is,  one  tends  to  neutralize  the  other.  The  method  of 
representing  each  graphically  has  been  shown  in  the  preceding 
6gures.  Since  they  act  oppositely,  that  is  180®  apart,  the 
reactance  due  to  each  may  be  calculated  and  the  values  thu5 
found,  represented  by  oppositely  directed  vertical  lines:  the 
inductance  resistance  upward  from  a  reference  line,  and  the 

C0N6EI1SCR 
INDUCTIVE  COIL 

RR^M^ 


fREQUENCY 
100 


20  AMPERES 


SOMILLI  HENRYS 


125MlCR0rARAD9 


INDUCTIVE  DROP 


CAPACITY  DROP 


Pta.  1,334. — Diagram  of  drcuit  containing  30  millihenryt  inductance  and  125  microfarads 
ity.  with  corrent  of  20  amperes,  100  frequency. 


capacity  resistance  downward  from  the  same  reference  line. 
The  diflFerence  then  is  the  resultant  impedance.  This  method  is 
shown  in  fig.  1 ,332,  but  it  is  more  conveniently  done  as  in  fig.  1 ,  333. 

EXAMPLE. — In  a  circuit,  as  in  fig.  1,334,  containing  an  inductance 
of  30  milli-henrys  and  a  capacity  of  125  microfarads,  how  many  volts 
must  be  impressed  on  the  circuit  to  produce  a  current  of  20  amperes 
having  a  frequency  of  100. 

The  inductance  reactance  is 

X,-  =  2t/L  =  2  X  3.1416  X  100  X  .03  =  18.85  ohms. 

Substituting  this  and  the  current  value  of  20  amperes  in  the  formula 
for  inductance  pressure 

E|-K4-ia85X20-3r7  volta. 
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Reducing  125  micxx>farads  to  .000125  farad,  and  substituting  in  the 
formula  for  capacity  pressure 


E«=^ 


20 


2r/C      2  X  3. 1416  X 100  X. 000125 


=255  volts. 


A  diagram  is  unnecessary  in  obtaining  the  impressed  pressiire  since 
it  is  simply  the  difference  between  inductance  pressure  and  capacity 
pressure  (the  circuit  being  assumed  to  have  no  resistance),  that  is 

impressed  pressure =E|-Ee«  377 -255  =  122  volts. 

EXAMPLE. — ^A  circuit  in  which  a  current  of  20  amperes  is  flowing 
at  a  frequency  of  100,  has  an  inductance  reactance  of  18.25  ohms,  and  a 
capacity  of  125  microfarads.    What  is  the  impedance? 

The  reactance  due  to  capacity  is 


Xc 


2ir/C     2X3.1416X100X.000125 


=  12.76  ohms. 


Pig.  1,335. — Impedance  diagram  for  circuit  (of  above  example)  containing  inductance  mod 
capacity.  With  any  convenient  scale,  erect  a  perpendicular  A  B  =  18.25  ohms,  and  CD* 
12.76  ohms.  Continue  CD  by  dotted  line  to  D^  so  that  CD'  =AB,  then  DD'  -AB  —  CD 
>■  inductance  reactance  —capacity  reactance,  which  is  equal  to  the  impedance.  Expressed 
by  letters  Z  ■■  X|— X^  "  DU',  which  by  measurement  ■■  5.49  ohms. 

The  impedance  of  the  circuit  then  is  the  diflference  between  the  two 
reactances,  that  is  impedance  =  inductance  reactance— capacity  re- 
actance, or 

Z  =  X<-Xc  =  18.25 -12.76  =  5.49  ohms. 


Circuits  Containing  Resistance,  Inductance,  and  Capac- 
ity.— When  the  three  quantities  resistance,  inductance,  and 
capacity,  are  present  in  a  circuit,  the  combined  effect  is  easily 
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Tinderstood  by  remembering  that  inductance  and  capacity 
always  act  oppositely,  that  is,  they  tend  to  neutralize  each  other. 
Hence,  in  problems  involving  the  three  quantities,  the  resultant 
of  inductance  and  capacity  is  first  obtained,  which,  together 
with  the  resistance,  is  used  in  determining  the  final  effect. 

Capacity  introduced  into  a  circuit  containing  inductance 
reduces  the  latter  and  if  enough  be  introduced,  inductance  will 
be  neutralized,  giving  a  resonant  circuit  which  will  act  as  though 
only  resistance  were  present. 


FIC.JL336. — Impedance  diagram  for  circuit  containing  resistance^  inductance  and  capacity. 
The  symbols  correspondto  those  used  in  equation  (1 )  below.  In  constructing  the  diagram 
from  the  given  values,  la^  off  AB  -■  resistance ;  at  B ,  draw  a  line  at  right  angles^  on  which  lay 
off  above  the  resistance  line,  BC  —inductive  reactance,  and  below,  BD  —capacity  reactance* 
then  the  resultant  reactance  -BC  — BD  -BD'.    Join  A  and  D',  then  AD'  -impedance. 


Ques.  What  is  the  expression  for  impedance  of  a  circuit 
containing  resistance,  inductance  and  capacity? 

Ans.  It  is  equal  to  ike  square  root  of  the  sum  of  the  resistance 
squared  plus  ike  square  of  inductance  reactance  minus  capacity 
reactance. 

This  is  expressed  plainer  ia  the  form  of  an  equation  as  follows: 
impedance^  -si  resistance -{-{inductance  reactance—  capacity  reactance)^ 


or,  usiD^  symbols. 


Z-VR»+(Xi-X«)» .VV\ 
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Ques.  If  the  capacity  reactance  be  larger  than  the 
inductance  reactance,  how  does  this  aflfect  the  sign  of 
(Xf-Xc^? 

Ans.  The  sign  of  the  resultant  reactance  of  inductance  and 
capacity  will  be  negative  if  capacity  be  the  greater,  but  since  in 
the  formtila  the  reactance  is  squared,  the  sign  will  be  positive. 


INDUCTANCe 
lEACTANCC 


RE6ULTIU1T  REACTANCE  OR 

EXCESS  orapyyciTY 

EFFECT.  10  OHMS 


PXO.  1,887.'— Impedance  diagram  of  a  circuit  containing  25  ohms  resistance.  SOohms  indnctaoce, 
and  40  ohms  capacity.  The  resultant  reactance  bein^  due  to  excess  of  capacity,  the 
impedance  line  AC  falls  htlaw  the  horisontal  line  AB,  mdicating  that  the  current  uads 


EXAMPLE. — What  is  the  impedance  in  a  circuit  having  25  ohms 
resistance,  30  ohms  inductance  reactance,  and  40  ohms  capacity  re- 
actance? 

To  solve  this  problem  graphically,  draw  the  line  AB,  in  fig.  1,337, 
equal  to  25  ohms  resistance,  using  any  convenient  scale. 

At  B  draw  upward  at  right  angles  BC = 30  ohms ;  draw  from  C  downward 
CC  -  40  ohms.  This  gives  -  BC'  ( =  BC  -  CC)  showing  the  capacity  re- 
actance to  be  10  ohms  in  excess  of  the  inductance  reactance.    Such  a 
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circuit  is  equivalent  to  one  having  no  inductance  but  the  same  resistance 
and  10  ohms  capacity  reactance. 

The  diagram  is  completed  in  the  tisual  wa^r  by  joining  AC  giving  the 
required  impedance,  which  by  measurement  is  26.9  ohms. 

By  calculation,  Z=  V26*+(30-40)*=  V25*+(-10)*-26.9. 


Form  of  Impedance  Equation  without  Ohmlc  Values.— > 

1 


Using  the  expressions  2t/L  for  inductance  reactance  and 


2t/C 


INDUCTANCE 


rn5m5(5(T^ 


.02  HENRT 


RESISTANCE 


HVWWW 

20  OHMS 

Pig.  1,338. — EXAMPLE :  A  resistance  ol  20  ohms  and  aa  Indactanoe  of  .02  henry  are  oon* 
nected  in  i>arallel  as  in  the  diagram.  What  is  the  impedance,  and  how  many  volts  are 
re^jnlred  for  50  amperes,  when  the  frequencv  is  78.6?  SOLUTION:  The  time  constants 
are  not  alike,  hence  the  geometric  sum  of  the  reciprocals  must  be  taken  as  the  reciprocal 
of  the  required  impedance.  That  fo,  the  combmed  conductivity  will  be  the  hypothenuse 
of  the  light  triangle,  of  which  the  ohmlc  conductivity  and  the  reactive  conductivity  are 

the  two  sides,  respectively.   Accordingly  :-g  ■  —  —  .05,  and^ — -ri 
k-    V(Jy+G5r)'-">-   Wha.cZ.-jL -Dow 


r^  —  .1 ,  from  which. 


for  capacity  reactance,  and  substituting  in  equation  (1)  on  page 
1»093  gives  the  following : 


=v 


R^+(2t/L- 


2t/C 


■)= 


(2) 


srhich  is  the  proper  form  of  equation  (1)  to  use  in  solving  prob* 
ems  in  which  the  ohmic  values  of  inductance  and  capacity  must 
3e  calctstated. 
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EXAMPLE. — ^A  current  has  a  fre- 
quency of  150.  It  passes  through  a 
circuit,  as  in  f;g.  1,339,  of  23  ohms  re- 
sistance, of  41  millihenrys  inductance, 
and  of  51  microfarads  capacity.  What 
is  the  impedance? 

The  inductance  reactance  or 

X,  =  2  r/L=  2  X  3.1416  X  150  X  .041 
«  38.64  ohms 

(note  that  41  henrys  are  reduced  to 
.041  henry  before  substituting  in  the 
above  equation). 

l^he  capacity  reactance,  or 


Xt  = 


2t/C 


2X3.1416X150X.000051 


20.8  ohms 


(note  that  51  microfarads  are  reduced 
to  .000051  farad  before  substituting  in 
the  above  equation). 

Substituting  the  values  as  calculated 
for  2t  /  L  and  -75 — j^  in  equation  (2) 

Jm  IT  J    O 


Z  =  V23'  H-  (38.64  -  20.8)»  =  29. 1  ohms. 


To  solve  the  problem  graphically,  lay 
off  in  fig.  1,340,  the  line  AB  equal  to  23 
ohms  resistance,  using  any  convenient 
scale.  Draw  upward  and  at  right 
angles  to  AB  the  line  BC  =  38.64  ohms 
inductance  reactance,  and  from  C  lay 
off  downward  CC  «  20.8  ohms  capacity 
reactance.      The   resultant   reactance 
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is  BC  and  being  above  the  horizontal  line  AB  shows  that  inductance 
reactance  is  in  excess  of  capacity  reactance  by  the  amount  EC.    Join 
AC  which  gives  the  impedance  sought,  and  which  by  measurement  is 
•    29.1  ohms. 

In  order  to  obtain  the  impressed  pressure  in  circuits 
containing   resistance,   inductance  and   reactance,    an 

equation  similar  to  (2)  on  page  1,095  is  used  which  is  made  up 

from  the  following : 

c 


CAPACITY 
REACTANCE 


< 


V   moucTANCc 

.      >  REACTANCE 


REiULTANT  REACTANCE' 
-OR  EXCESS  or  INDUCTANCE 
17.84  OHMS 


RESISTANCE 


Pic.  1.340. — Imp«darce  diagram  for  the  circuit  shown  in  fig.  1.339.  Note  that  the  resultant 
reactance  being  due  to  excess  of  inductance,  the  impedance  line  AC  falls  above  the  bori- 
sontal  line  AB.    This  indicates  that  the  current  lags  behind  the  pressure. 


E<,=  RI... 
E,-  =  2ir/LI 


(3) 
(4) 

(5) 


2t/C 

When    all    three    quantities,    resistance,    inductance,    and 
capacity  are  present,  the  equation  is  as  foUovis*. 
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impretted  frtssure  ■■  V  okmie  drof^  +  {indtietite  drop—  capacity  irop)* 

E,. -  VeJ  +(E,-E,)' (6) 

Substituting  in  this  last  equation  (6),  the  values  given  in  (3), 
(4)  and  (5) 


-I    ^R>  +  (2,/L-^)'     (7) 

Ques.    What  does  the  quantity  under  the  square  root 
sign  in  equation  (7)  represent? 

An6.     It  fe  the  impedance  of  a  circuit  posses^g  resistance, 
inductance,  and  capacity. 
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ues.    Why? 

IS.      Because  it  is  that  quantity  which  multiplied  by  the 
snt  gives  the  pressure,  which  is  in  accordance  with  Ohm's 

EXAMPLE. — ^An  alternator  is  connected  to  a  circtiit  having,  as  in 
fie.  1,341, 25  ohms  resistance,  an  inductance  of  .15  henry,  and  a  capacity 
of  125  microfarads.  What  pressure  must  be  impressed  on  the  circuit  to 
allow  8  amperes  to  flow  at  a  frequency  of  60? 


CKMciTY  MOP  y 

ITOVOLTfc.     Sy 


V  INDUCTANCe  DNOr 
j^      4S2  VOLT* 


RESULT/kNT  EMOP  OK  DROP 
Due  TO-CXCES»  CkHaVf. 
261  V0LT6 


OHMIC    DKOP 


,342. — Diagram  for  finding  the  pressure  necessary  to  be  impressed  on  the  circuit  shown 
1  fig.  1^1,  to  produce  a  current  of  8  amperes. 


The  ohmic  drop  is 

Eo  =  RI  =25X8  =200  volts. 

The  inductance  drop  is 

E|=2r/LI=2x3.1416x60x.l5x8=452  volts 

The  capacity  drop  is 

I  8 


Ec 


2w/C      2x3.HWxe0x.W)W5 


«Y?^NoV». 
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Substituting  the  values  thus  found, 


mpressed  pressure  -  VE'o+CE|-Ee)' 

-  V2OCP+ (452-170)* 

-  V200"+282* 

-  VU9K4 

-  345.7  vdts. 
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CHAPTER   XLVIII 

THE  POWER  FACTOR 


The  determination  of  the  power  in  a  direct  current  circuit  is 
a  simple  matter  since  it  is  only  necessary  to  multiply  together  the 
volts  and  amperes  to  obtain  the  output  in  watts.  In  the  case  of 
alternating  current  circuits,  this  holds  true  only  when  the  current 
is  in  phase  with  the  pressure — a  condition  rarely  found  in  practice. 

When  the  current  is  not  in  phase  with  the  pressure,  the  product 
of  volts  and  amperes  as  indicated  by  the  voltmeter  and  ammeter 
must  be  multiplied  by  a  coefficient  called  the  power  factor  in 
order  to  obtain  the  true  watts,  or  actual  power  available. 

There  are  several  ways  of  defining  the  power  factor,  any  of 
which  requires  some  explanation.  The  power  factor  may  be 
defined  as:  The  number  of  watts  indicated  by  a  wattmeter^  divided 
by  the  apparent  watts,  the  latter  being  the  watts  as  measured 
by  a  voltmeter  and  ammeter. 

The  power  factor  may  be  expressed  as  being  equal  to 
true  power  true  watts  true  watts 


apparent  power       apparent  watts        volts  X  amperes 

Ques.    What  are  the  true  watts? 

Aqs.    The  watts  as  measured  by  a  waUmet«c* 


1,102 


HAWKINS  ELECTRICITY 


Ques.    What  are  the  apparent  watts? 

Ans.    The  watts  obtained  by  nitiltipl3dng  together  the  simiil- 
taneotis  voltmeter  and  ammeter  readings. 

Ques.    What  Is  usually  meant  by  power  factor? 

Ans.    The  multiplier  used  with  the  apparent  watts  to  deter- 
mine how  much  of  the  power  supplied  is  available. 


ACTUAL  MOTION 


AB 


•a 

ic 
O 


POWER  FACTOR  •  COS  ♦.•  Jg 

AaUAL  MOTION  fAMPERES) 
"  APPARENT  HtfftON(AMP£ftEi) 

■  WATTS 
KYA 

Pig.  1,343. — Marine  analogy  of  power  factor.  A  ferry  boat  in  crotsing  a  river  to  a  dip  C 
would  head  for  tome  point  B  up  stream  from  C  to  allow  for  the  effect  of  the  tide.  Under 
8udb  conditions  the  actual  motion  (referred  to  the  water)  would  be  from  A  to  B,  and  the 
apparent  motion,  from  A  to  C.  Accordingly,  the  energy  expended  in  propelling  the  boat 
frcnn  A  to  B  in  still  water,  will  propel  it  from  A  to  C  when  the  tide  is  running  in  the  direc- 
tion of  the  arrow.  The  effect  of  the  tide  is  the  same  as  Uiat  of  inductance  or  capacity  in 
an  alternating  circuit,  that  is,  it  puts  the  applied  force  or  thrust  (impressed  volts)  out  of 
phase  with  the  motion  of  the  boat  (amperes),  this  phase  difference  being  indicated  bv  the 
angle  BAG  or  ^.  Now,  work  (watts)  is  the  product  of  two  factors,  pressure  (volts)  and  dis- 
tance (amperes);  accordingly,  the  apparent  work  done  in  proi>elling  the  boat  from  A  to  C  is 
the  product  of  the  iknist  of  the  taddu  wheels  multiplied  by  AC,  which  in  analogy  corresponds 
to  the  product  of  voltmeter  and  ammeter  readings  at  the  alternator,  called  "  kva."  Actaally, 
however,  the  power  is  only  applied  from  A  to  B,  the  boat  being  carried  sidewise  by  the 
tide,  as  it  crosses,  a  distance  BC  which  represents  no  energy  expended  by  the  paddle  wheels. 
In  analogy,  the  actual  power,  expended  in  propelling  boat  from  A  to  B  corresponds  to 
the  wattmeter  reading  in  an  alternating  current  power  circuit.  To  obtain  the  actual 
work  done  on  the  boat,  the  product  of  its  aoparent  motion  X  thrust  must  be  multiplied 
by  a  coefficient  or  power  jactor  because  the  tnrust  is  applied  at  an  angle  to  the  apparent 
motion,  tht  power  factor  being  equal  to  the  cosine  of  this  angle,  (^)  or  AB -i- AC. 
Similarly,  when  there  is  phase  difference  between  pressure  and  alternating  current,  the 
voltmeter  and  ammeter  readings  must  be  multiplied  by  the  power  factor  or  cos  ^  to  give 
the  output  of  an  alternator  available  for  external  work,  the  excess  power  indicated  by 
ammeter  and  voltmeter  readings,  performing  no  external  work,  but  causing  objectionable 
heating  of  the  alternator. 

Oi'es.     Upon  what  does  the  power  lactot  d^^tsLd? 

^ns.     Upon  the  relative  amounts  ot  resistatvc^  va^ucJcaxv^  ^as^.^ 
Opacity  contained  in  the  circuit 
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Ques.    How  does  the  power  factor  vary  in  value? 

Ans.     It  varies  from  one  to  zero. 

The  power  factor,  as  will  be  shown  later,  is  eqtial  to  the  cosine  of  ike 
angle  of  phase  difference;  its  range  then  is  from  one  to  zero  because 
these  are  the  linuting  values  of  Qie  cosine  of  an  angle  (neglecting  tiie 
+  or  —  sign). 

Ques.    What  is  the  effect  of  laft  or  lead  of  the  current 
on  the  power  factor? 

And.    It  causes  it  to  become  less  than  one. 


^5  cuirrt 


Pig.  1.344. — Method  of  drawing  the  power  curve  from  the  pressure  and  cturent  curves.  As 
shown,  the  same  scale  is  used  for  all  curves.  This  as  a  rule,  makes  the  power  curve  in« 
conveniently  high,  hence  it  is  usually  drawn  to  smaller  scale  as  in  fig.  1.345. 


How  to  Obtahi  the  Power  Curve. — Since  under  any  phase 
condition,  the  power  at  any  instant  is  equal  to  the  product  of  the 
pressure  multiplied  by  the  current  at  that  instant,  a  curve  may 
be  easily  plotted  from  the  pressure  and  current  curves,  giving  the 
mstantaneous  values  of  the  power  through  a  complete  c^cXe* 

dJw^i^n^JJ^  '^'  ^'"^  o^  <^he  current  and  ptesscro  c?arw&. 
OmwaiyroKiiaateaaatFcutting  the  current  curve  at  G  axid\:k»^wMW» 
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«  at  G'.  Tbe  values  for  current  and  pressure  at  this  point  a 


2  X  3.7  -  7.4. 

Project  up  through  F  the  ordinate  FG"  —  7.4,  and  this  will  give  one 
point  on  the  power  curve. 
Similarly  at  another  print,  say  M,  where  the  current  and  pressure 


-■f 

-1 

■-% 
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Ques.  Why  is  the  power  curve  positive  In  the  second 
half  of  the  period  when  there  are  negative  values  of  cur- 
rent and  pressure? 

Ans.     Because   the   product   of   two   negative   qtiantities  is 


Ques.    Does  fig.  1,344  represent  the  usual  way  of  draw-. 
Ing  a  power  curve? 

Ans,     Since  ordinates  of  the  power  curve  are  products  of  the 
current  and  pressure  ordinates,   they  will  be  of  incoDvenient  - 
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length  if  drawn  to  the  same  scale;  it  is  therefore  customary  to 
use  a  different  scale  for  the  power  ordinates,  as  in  fig.  1,345. 

The  illustration  is  lettered  identical  with  fig.  1,344,  with  which  it 
should  be  compared. 

Synchronism  of  Current  and  Pressure;  Power  Factor 
Unity. — The  current  and  pressure  would  be  in  phase  as  repre- 
sented in  fig.  1,346  were  it  possible  to  have  a  circuit  contain- 


PiG.  1.346w — Synchronism  of  current  and  pressure.  Power  curve  showing  that  the  power 
factor  is  unity.  This  is  indicated  by  the  fact  that  the  power  curve  does  not  project 
bdow  the  base  or  sero  line. 


ing  resistance  only.     In  actual  practice  all  circuits  contain  at 
least  a  small  amount  of  reactance. 

A  circuit  supplying  nothing  but  incandescent  lamps  comes 
very  nearly  being  all  resistance,  and  may  be  so  considered  in 
the  discussion  here.  Fig.  1,347  illustrates  a  circuit  containing 
only  resistance.  In  such  a  circuit  the  presstue  and  current 
(as  shown  in  fig.  1,346)  pass  through  zero  and  through  their 
TnaTrimtim  values  together. 
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Multipl3rmg  instantaneous  values  of  volts  and  amperes  will 
give  the  power  ciu^e,  as  before  explained,  whose  average  value 
is  half-way  between  the  zero  line  and  the  maximum  of  the 
curve;  that  part  of  the  power  curve  above  the  line  of  average 
power  WW,  exactly  filling  the  open  space  below  the  line 
WW.    That  is, 

average  power  =  maximum  power  -f-  '^2 

maximum  voltage  X  maximum  current 
"  V2 

=  virtxxal  voltage  X  virtual  current. 


\AAAA/W 

HON -INDUCTIVE  COIL 


ALTERN/kTOR 


O 

o 
o 
o 


LAMP^ 


Pic  1.347. — Diagram  of  circuit  oontaining  only  resiatance;  in  such  a  circuit  the  power  factor 
is  unity. 


This  latter  is  simply  the  product  of  the  voltmeter  and  ammeter 
readings  which  gives  the  watts  just  the  same  as  in  direct  current. 

Ques.    What  should  be  noticed  about  the  power  curve? 

Ans:  Its  position  with  respect  to  the  zero  line;  it  lies  wholly 
above  the  zero  line  which  denotes  that  all  the  power  delivered  to 
the  drcujt  except  that  dissipated  by  friction  is  useful,  that  is»  the 
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power  factor  is  unity.  Hence,  to  keep  the  power  factor  as  near 
unity  as  possible  is  one  of  the  chief  problems  in  alternating  current 
distribution, 

Ques.  Can  the  power  factor  be  less  than  unity  if  the 
current  and  pressure  be  in  phase? 

Ans.  Yes,  if  the  waves  of  current  and  voltage  be  distorted 
as  in  fig.  1,348. 

Effect  of  Lag  and  Lead. — In  an  alternating  circuit  the 
amount  of  power  supplied  depends  on  the  phase  relationship 
of  the  current  and  pressure.    As  just  explained,  when  there  is 


Lt§2J2l: 


Pig.  1.348. — Case  of  synchronisfn  of  current  and  pressure  with  power  factor  less  than  unity. 
Sa|>pose  the  waves  of  current  and  voltage  to  be  in  phase,  but  distorted  in  form,  and  not 
svnnnetrical.  so  that  they  do  not  run  uniformly  together,  as  shown  in  the  figure.  Then 
the  real  oower  factor  may  not  be  unity,  although  indicated  as  such  by  the  power  factor 
meter.  However,  the  switchboard  instruments  are  made  to  show  the  iangle  of  lag  as  the 
power  factor,  because  the  error  due  to  wave  distortion  is  generally  too  small  to  be  considered. 


synchronism  of  current  and  pressure,  that  is,  when  they  are  in 
phase  (as  in  fig.  1,346)  the  power  factor  is  unity,  assuming  xio 
distortion  of  current  and  pressure  waves.  In  all  other  cases  the 
power  factor  is  less  than  tmity  that  is,  the  effect  of  lag  or  lead  is 
to  nuike  the  power  factor  less  than  unity. 

The  effect  of  lag  on  the  power  factor  may  be  illustrated  by 
fig.  1,349,  in  which  the  angle  between  the  pressure  and  current, 
or  the  angle  of  lag  is  taken  as  40^,  corresponding  to  a  po^^ 
(actor  of  .766.    Plotting  the  vower  curve  from  tVie  ^TtA^xc^a 
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Pig.  1,349. — Effect  of  lag  on  the  power  factor.  When  the  current  lags  behind  the  pressure 
the  power  factor  becomes  less  than  unity.  It  will  bd  seen  that  the  power  curve  projects 
below  the  zero  line  giving  the  shaded  area  which  represents  negative  power  which  must 
be  subtracted  from  the  +  areas  above  the  zero  line  to  get  the  net  power.  In  the  figure 
the  line  WW  is  drawn  at  aheight  corresponding  to  the  average  power,  and  HN  at  a  height 
corresponding  to  the  average  power  that  would  be  developed  if  the  current  were  in  phase 
with  the  pressure.  The  power  factor  then  is  represented  by  M  +  S,  and  by  inspection  of 
the  figure  it  is  seen  that  this  is  less  than  unity. 


Pig.  1 .350.  — Effect  of  lead  on  the  power  factor.  When  the  current  Is  in  advance  of  the  pressure 
the  power  fciCtor  becomes  less  than  tmity.  The  curve,  as  shown,  protects  below  the 
zero  line,  giving  the  shaded  area  which  represents  negative  power  whicn  must  be  sub- 
tracted from  the  +  areas  above  the  zero  line  to  get  the  net  power.  As  in  fig.  1,3 10.  the 
line  WW'  at  a  height  M  represents  the  average  power,  and  HN  the  average  power  for 
synchronism  of  current  and  preastu^.  The  power  factor  then  is  M  -I-  S  iHiich  is  less 
tnsn  unity. 


i 
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oC  instantaneous  volts  and  amperes  taken  at  various  points,  the 
power  curve  is  obtained,  a  portion  of  which  lies  below  the  hori- 
tontal  line.  The  significance  of  this  is  that  at  certain  times,  the 
current  is  flowing  in  the  opposite  direction  to  that  in  which  the 
impressed  pressure  would  send  it.    During  this  part  of  the  period 
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conditions  are  reversed,  and  the  power  (indicated  by  the  shaded 
area),  instead  of  being  supplied  by  the  source  to  the  circuit,  is 
being  supplied  by  the  circuit  to  the  source. 

This  condition  is  exactly  analogous  to  the  case  of  a  steam  engine, 
expanding  the  steam  below  the  tuck  or  exhaust  pressure,  &  coa&fi^cio. 
ed  br  tfa«  octibi]  of  the  ffovenor  in  con^erebV^  m&wsmjL 
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the  cut  off  for  very  lijght  load.  An  indicator  diagram  of  such  steam 
distribution  is  shown  in  fig.  1,351.  This  gives  a  negative  loop  in  the 
diagram  indicated  by  the  shaded  section. 

It  must  be  evident  that  the  average  pressure  of  the  shaded  loop  portion 
of  the  diagram  must  be  subtracted  from  that  of  the  other  portion, 
because  during  the  expansion  below  the  exhaust  pressure  Ime,  the 
back  pressure  is  in  excess  of  the  forward  pressure  exerted  on  the  piston 
by  the  expanding  steam,  and  the  engine  would  accordingly  reverse  its 
motion,  were  U  not  for  the  energy  previousl^f  stored  up  in  the  fiy  wheel^  in 
the  form  of  momentum,  which  keeps  the  engine  moving  during  this  period 
of  back  thrust.    Evidently  the  shaded  area  must  be  subtracted  from 


Pig.  1.352. — Power  curve  illustrating  the  so-called  wattless  current  in  which  case  the  power 
factor  is  sero.  By  noting  that  the  curve  projects  equallv  on  each  side  of  the  sero  line, 
the  +  ]X>wer  areas  equal  the  negative  power  areas,  hence  the  summation  of  these  areas  for 
the  period  is  sero,  that  is,  the  two  +  areas  minus  the  two  shaded  areas  equal  sero.  It 
■homd  be  noted  that  the  line  of  average  power  WW,  which  is  visible  in  the  other  figures, 
here  coincides  with  the  zero  line,  and  the  average  power  then  is  sero,  since  the  positive 
part  above  the  sero  line  is  equal  to  and  offsets  the  negative  (shaded)  part  below  the  line. 
This  is  the  case  of  "wattless"  current  and  (considering  a  circuit  with  resistance  so  small 
that  it  may  be  considered  as  zero)  shows  plainly  the  possibility  of  having  full  load  current 
and  voltage  on  a  circuit  yet  delivering  no  power,  the  current  simply  surging  to  and  fro 
without  an  actual  transfer  of  power. 

the  positive  area  to  obtain  the  net  work  done  during  the  stroke. 
Hence  following  the  analogy  as  far  as  possible  if  M  work  (watts)  be 
done  during  each  revolution  (cycle)  when  steam  does  not  expand  below 
back  pressure  (when  current  and  pressure  are  in  phase),  and  S  negative 
work  (negative  watts)  be  done  when  steam  expands  below  back  pressure 
(when  there  is  lag),  the  eflfidency  (power  factor)  is  (M  —  S)+  M, 


** Wattless  Current";  Power  Factor  Zero. — When  the 
power  factor  is  zero,  it  means  that  the  phase  difference  between 
the  current  and  the  pressure  is  90®. 

The  term  wattless  current,  as  understood,  does  not  indicate  an 
absence  of  electrical  energy  in  the  circuit;  its  elements  are  there. 
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but  not  in  an  available  form  for  external  work.  The  false  power 
iue  to  the  so  called  wattless  current  pulsates  in  and  out  of  the 
larcuit  without  accomplishing  any  useful  work. 

An  example  of  wattless  current,  showing  that  the  power  factor  is  zero 
is  illustrated  in  fig.  1,353.  Here  the  angle  of  lag  is  90%  that  is,  the  cur- 
rent is  90"  behind  the  pressure. 

The  power  curve  is  constructed  from  the  current  and  pressure  curves, 
and,  as  shown  in  the  diagram,  it  lies  as  much  below  the  zero  line 


FtGm  1.353. — ^Example  of  wattless  carrent  showing  that  the  power  factor  is  sero  whea  the 
phase  difference  between  current  and  pressure  is  90^.  For  sero  power  factor  the  current 
may  lead  9CP  as  in  fig.  1 ,352,  or  lag  9(f  as  here  shown.  Since  the  shaded  or  negative  areas  * 
the  pins  areas^  the  averat^e  power  (indicated  by  WW'  which  coincides  with  the  zero  line) 
is  sero,  that  is  the  circuit  is  carrying  current  under  pressure  yet  delivering  no  power* 
hence,  the  power  factor  is  leero. 


as  above,  that  is,  the  two  plus  power  areas  which  occur  during  each 
period  are  equal  to  the  two  negative  (shaded)  power  areas,  showing 
that  the  circuit  returns  as  much  energy  as  is  sent  out.  Hence,  the  tot^ 
work  done  during  each  period  is  zero,  indicating  that  although  a  current 
be  flowing,  this  current  is  not  capable  of  doing  external  work. 


Ques.  Is  the  condition  as  just  described  met  witli  in 
practice? 

Ads.    No. 

Ques.    Why  not? 

Ans.  The  condition  just  described  involves  that  the  circuit 
have  no  resistance,  all  the  load  being  reactance,  but  it  is  im- 
poesible  to  have  a  circuit  without  some  resistance,  X.Yv.oa'^  >£X:^ 
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resistance  may  be  made  very  small  in  comparison  to  the  react- 
ance so  that  a  close  approach  to  wattless  current  is  possible. 

Ques.  Give  some  examples  where  the  phase  diff^ence 
Is  very  nearly  90°. 

Ans.  If  an  alternator  supply  current  to  a  circuit  having  a  v^y 
small  resistance  and  very  large  inductance,  the  current  would 
lag  nearly  90°  behind  the  pressure.  The  primary  current  of  a 
transformer  working  with  its  secondary  on  open  circuit  is  a 
practical  example  of  a  current  which  represents  very  little  energy. 
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Fig.  1,3M.— P»rion 


s  of  Genera]  Electric  ling^  pluje  rcpulaon 


'     Ques.    When  the  phase  difference  between  the  current 
and  pressure  is  90°,  why  Is  the  current  called  "wattless"? 

Ans.     Because  the  product  of  such  a  current  multiplied  by  the 
pressure  does  not  represent  any  watts  expended. 


B  mechanical 


ifting  a  weight,  and  then  allowing  it  to  descend  tbe  Banw 
initial  position ,  as  shown  in  Ags.  1,3S5  to  1,357,  preaenti 
malogy  of  wattless  current. 
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Let  the  movement  of  the  wei£ht  represent  the  current  and  the  weight 
the  pressure.  Then  calling  the  weight  10  pounds  (volts),  and  the 
distance  two  feet  (amperes).  The  work  lone  by  the  man  (alternator) 
on  the  weight  in  lifting  it  is 


10  pounds  X  2  feet      =  20  foot  pounds . 


n  by  the  weight  in  fordng  his  hand  down 


10  pounds  X  2  feet 


WORK  DOME  BY  MAN. 
WEIGHT  ACQUIRES 
POTENTIAL  ENERGY 


WORK  DONE  BT  WEI6HT. 
MAN   ACQUIRES 
POTENTIAL   ENCBSY. 


Pica.  1.3U  to  1,3GT.— Mechulcil 
X  u  fium  tbojwiil- 
it  of  work  on  t£a  n 

□rivinal  povitJiMu  M  In  fl.    ...... 

acqui  ol,  that  ii.  It  Is  gtvea  hmdL  ^  .».  ^^^^-.  -....    -,^„_    ^ 

mo  nedtal  i  orient!  condldon  u  In  fla.  1,BSS.  During  luch  ■  cycli 
the  man  on  the  weii[tat  ii  «qiul  lo  th«  VQrk  dine  by  the  •night  on  the : 
atenul  woik  hu  bseo  accamiiUihcd. 


id  wrighi)  tuviim 
un  uid  DO  uMtul 


From  (1)  and  (2)  it  is  seen  that  the  work  done  by  the  man  on  the  veigkl 
if  ettiial  lo  the  work  done  by  Ike  weight  on  the  man,  hence  no  useful  work 
has  been  accomplished:  that  is,  the  iwtential  energy  of  the  weight  which 
it  dfginally  possessed  has  not  been  increased. 

Why  the  Power  Factor  is  equal  to  Coe^. — In  the  pre- 
ceding figures  showing  power  curves  for  various  phase  relations 
between  current  and  pressure,  the  curves  sliow  the  instantaneous 
values  of  tiie  fluctuating  power,  but  what  is  of  mora  importance, 
is  to  detenmne  the  avaage  power  developed. 
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When  the  current  is  in  phase  with  the  pressure,  it  is  a  simple 
matter,  because  the  power  cff 

watts  =  amperes  X  volts 
that  is,  the  product  of  the  ammeter  and  voltmeter  readings  will 
give  the  power.     However,  the  condition  of   synchronism  of 
current  and  pressure  hardly  ever  exists  in  practice,  there  being 
more  tn'  less  phase  difference. 


When  the  current  is  not  in  phase  with  the  pressure,  it  is  con- 
sidered as  madeupof  two  components  at  right  angles  to  each  other. 

1.  The  active  component,  in  phase  with  the  pressure; 

2,  The  wattless  component,  at  right  angles  to  the  pressure. 
With    phase   difference   between   current   and   pressure   the 

pi^xluct  of  ammeter  and  voltmeter  reading  do  not  give  the  true 
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power,  and  in  order  to  obtain  the  latter,  the  active  component 
of  the  current  in  phase  with  the  pressure  must  be  considered, 
that  is, 

triie  power  =  volts  X  active  amperes (1) 

The  active  component  of  the  current  is  easily  obtained  graphically  as 
in  fie.  1,358. 

With  any  convenient  scale  draw  AB  equal  to  the  current  as  given 
or  read  on  the  anuneter,  and  AC,  equal  to  the  pressure,  making  the 
angle  0  between  AB  and  AC  equal  to  the  phase  difference  between  the 
current  and  pressure. 

From  B,  draw  the  line  BD  perpendicular  to  AC,  then  BD  will  be  the 
wattless  component,  and  AD  (measured  with  the  same  scale  as  was  used 
for  AB)  the  active  component  of  the  current,  or  that  component  in 
phase  with  the  pressure. 

Hence  from  equation  (1) 

true  power  «  AC  X  AD (2). 

Now  in  the  rig^t  triangle  ABD 

AD 

■— ■  »  COS  S 

AB  ^ 

from  which 

AD  =  AB  cos* (3) 

Substituting  this  value  of  AD  in  equation  (2)  gives 

true  power  =  AC  X  AB  cos  * (4) 

Now  the  power  factor  may  be  defined  as:  that  quantity  by 
which  the  apparent  watts  must  be  multiplied  in  order  to  give  the 
true  power.    That  is 

true  power  =  apparent  waits  X  power  factor (5) 

Comparing  equations  (4)  and  (5),  AC  X  AB  in  (4)  is  equal  to 
the  apparent  watts,  hence,  the  power  factor  in  (5)  is  equal  to 
cos  *.  That  is,  the  power  factor  is  numerically  equal  to  the  cosine 
of  the  angle  of  fkase  dijference  between  cmrefrA  and  ^essure* 
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EXAMPLE  I. — ^An  alternator  supplies  a  current  of  200  amperes  at  a 
pressure  of  1,000  volts.  If  the  phase  difference  between  the  current 
and  pressure  be  30^  what  is  the  true  power  developed? 

In  fig.  1,359,  draw  AB  to  scale,  equal  to  200  amperes,  and  draw  AC 
of  indefinite  length  making  an  angle  of  30*^  with  AB.  Prom  B,  draw 
BD  perpendicular  to  AC  which  gives  AD,  the  active  component,  and 
whicn  measured  with  the  same  scale  as  was  used  in  laying  off  AB,  meas- 
ures 173.2  amperes.    The  true  power  developed  then  is 

true  watts  =  173.2  X  1,000  »  173.2  kw. 

The  true  power  may  be  calculated  thus: 

From  the  table  cos  30*^  »  .866,  hence 

true  watte  »  200  X  1,000  X  .866  »  173.2  kw. 


^^^ 


i 


200  AMPERES 


V^ 


CURRENT 


Fig.  1,359. — Diammn  for  obtaining  the  active  component  of  the  current  In  a  circuit  having 
a  current  of  200  amperes  and  angle  of  lag  of  30*. 


EXAMPLE  II. — If  in  an  alternating  current  circuit,  the  voltmeter 
and  ammeter  readings  be  110  and  20  and  the  angle  of  lag  45®,  what  is 
the  apparent  power  and  true  power? 

The  apparent  power  is  simply  the  product  of  the  current  and  pressure 
readings  or 

apparent  power  =  20  X  110  =  2,200  watts 

The  true  power  is  the  product  of  the  apparent  power  multiplied  by 
the  cosine  of  the  angle  of  lag.     Cos  45®  =  .707,  hence 

true  power  =  2,200  X  .707  «  1,555.4  watts. 
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Ques.  Does  the  power  factor  apply  to  capacity  react- 
ance in  tlie  same  way  as  to  inductance  reactance? 

Ans.  Yes.  The  angles  of  lag  and  of  lead,  are  from  the 
practical  standpoint,  ti-eated  as  if  they  lay  in  the  first  quadrant 
of  the  circle.  Even  the  negative  sign  of  the  tangent  ^  when  it 
occurs  is  simply  used  to  determine  whether  the  angle  be  one  of 
lag  or  of  lead,  but  in  finding  the  value  of  the  angle  from  a  table 
it  is  treated  as  a  positive  quantity. 


POWER  rACTOR 
CM  CAB -^^  .707 


?0     AMPERES 


Fml  1 .366. — Diagram  for  obtaining  the  power  factor  for  example  11.  With  convenient  scaler 
lay  off  AB  «  20  amperes.  Prom  A  draw  AC  at  45**  to  AB,  and  from  B.  draw  BD  perpen- 
dicttlar  to  AC.  Then,  the  power  factor  which  is  equal  to  cosine  of  angle  df  lag,  *  AD  H- 
AB  »  (by  measuxement)  14.15  +20  «  .707. 


Ques.    In  introducing  capacity  into  a  circuit  to  increase 
the  power  f actcn*  what  should  be  considered  ? 

Ans.    The  cost  and  upkeep  of  the  added  apparatus  as  well 
as  the  power  lost  in  same. 
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Ques.    How  is  power  lost  in  a  condenser? 

Ans.  The  loss  is  principally  due  to  a  phenomenon  known  as 
dielectric  hystereses,  which  is  somewhat  analogous  to  magnetic 
hysteresis.  The  rapidly  alternating  charges  in  a  condenser  placed 
in  an  alternating  circuit  may  be  said  to  cause  alternating  polari- 
zation of  the  dielectric,  and  consequent  heating  and  loss  of  energy. 

Ques.  When  is  inductance  introduced  into  a  circuit 
to  increase  tlie  power  factor? 

Ans.    When  the  phase  difference  is  due  to  an  excess  of  capacity. 

EXAMPLE. — A  circuit  having  a  resistance  of  3  ohms,  and  a  resultant 
reactance  of  4  ohms,  is  connected  to  a  100  volt  line.  What  is:  1,  the 
impedance,  2.  the  current,  3,  the  apparent  power,  4,  the  angle  of  lag, 
5,  the  power  factor,  and  6,  the  true  power? 

1.  The  impedance  of  the  circuiL 

Z=  VS*  +  4*  =  6  ohms. 

2.  ThecurrenL 

current  =  volts  +  impedance  =  100  +  5  —  20  amperes. 

3.  The  apparent  power. 

apparent  power  »  volts  X  amperes  »  100  X  20  «-  2,000  watts. 

4.  The  tangent  of  the  angle  of  lag. 

tan0  =  reactance   4-  resistance  =  4   +  3    ■■    1.33.      Prom 
table  of  natural  tangents  (page  451)  0  «  53^ 

5.  The  power  factor. 

The  power  factor  is  equal  to  the  cosine  of  the  angle  of  lag, 
that  IS,  power  factor  =  cos  53**  =«  .602  (from  table). 

6.  The  true  power. 

The  true  power  is  equal  to  the  apparent  watts  multiplied  by 
the  power  factor,  or 

true  power  =  volts  X  amperes  X  cos  0 

-   100   X       20       X   .602   =  1,204  watts. 

Ques.  Prove  that  the  power  factor  is  unity  when  there 
is  no  resultant  reactance  in  a  circuit. 

Ans.    When  there  is  no  reactance,  tan^  which  is  equal  to 
reactance  -r-  resistance   becomes  0  -^  R  «  0.     The  angle  ^ 
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(the  phase  difference  angle)  whose  tangent  is  0  is  the  angle  of 
0  degrees.  Hence,  the  power  factor  which  is  equal  to  cos  ^  <>■ 
cos  0*  «  1. 


U—  RES15TANCE  — >| 


B* 


CO«^«P0WER  FACTOR 


POWER  FACTOB      C 


FOftZK  FACTOR 


-'c'^ 


UNITY- 


*— - 


— V — 

POWER  FACTOR  IS  UNITY  WHEN 
THE  REACTANCE  I&  ZERO 


Pk^s.  1,361  to  1.365. — Diagrams  illustrating  why  the  power  factor  is  unity  or  one  when  there 
is  no  resultant  reactance  in  the  circuit,  that  is,  when  the  circuit  is  resonant,  or  has  cmly 
resistance.  The  power  factor  is  equal  to  the  cosine  of  the  angle  of  lag  (or  lead).  In  the 
figures  this  angle  is  BAG  or^  and  the  value  of  the  natural  cosine  AC  ^ves  the  power 
factor.  By  inn)ection  of  the  figures,  it  is  evident  that  decreasing  the  reactance  deoeaaes 
the  angle  ^  and  increases  cos  ^  or  the  power  factor.  The  circular  arc  in  each  figure  being 
at  unity  distance  from  the  center  A,  the  power  factor  with  decreasing  reactance  evidently 
^yproaches  unity  as  its  limit,  this  limit  being  shown  in  fig.  1.365  where  the  rraotanot 


Ques.    What  is  the  usual  value  of  the  power  factor  In 
practice? 

Ans.    Slightly  Jess  tiiofz  one. 
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Ques.  Why  is  It  desirable  to  keep  the  power  factor 
near  unity? 

Ana.  Because  with  a  low  power  factor,  while  the  alternator 
may  be  carrying  its  full  load  and  operating  at  a  moderate  tem- 
peraturo,  the  consumer  is  paying  only  for  the  actual  watts  which 
are  sent  over  the  line  to  him. 


line  be  operating  with  a.  power  factor  ot  say  .625  during  a  great  portion 
of  the  time,  the  switchboard  instruments  connected  to  the  alternator  will 


;  power  factor  meter 

The  apparent  watts  wouH  equal  1,600,000  watU  or  1,800  kilowatts, 
*hich,  if  mill  tiplied  by  the  power  factor  .626  would  give  100,000,000  watts 
or  1,000  kilowatts  which  is  the  actual  watts  supplied.  The  alternator 
and  line  must  carry242.4  amperes  instead  of  161  amperes  and  thediffer- 
aatx 242.4^  151  —  91.4  amperes  represents  a  vmUUis  currtnt  Qvwiag  ia 
the  drcait  wbicb  causes  useless  he&ti&s  ol  1^  alL^mutot. 
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The  mechanical  power  which  is  rec^uired  to  drive  the  alternator  is  equiv- 
alent to  the  actual  watts  produced,  since  that  portion  of  the  current  vAddh 
lags,  is  out  of  phase  with  the  pressure  and  therefore  requires  no  energy. 

Ques.    How  are  alternators  rated  by  manufacturers  in 
order  to  avoid  disputes? 

Ans.     They  usually  rate  their  alternators  as  producing  so 
many  kilovolt  amperes  instead  of  kilowatts. 


REftlSTANCe 


F  to.  1307. — ^Ayrton  and  Sumpner  method  of  alternating  current  power  meas'irement.  Three 
voltmete  •  a  e  requutd.  and  accordingly  the  method  is  sometimes  called  the  three  volt- 
sneter  method.  It  is  a  good  method  where  the  voltage  can  be  regulated  to  suit  the  load. 
In  ^e  figure,  let  the  non-inductive  resistance  R  be  placed  in  series  with  the  lead  AB. 
Measure  the  foUowiag  voltages:  V  across  the  terminals  of  R*  Vi  across  the  load  AB,  and 
Vt  across  both,  that  is  from  A  to  C.  Then,  true  watts  »  (Vt* -Vi*-V<)-i-2R.  Thebesi 
oonditionsarewhenV->Vi,and,ifR->^  ohm,  then  W- Vi»  -  Vi»- V*. 

Ques.    What  is  a  kilovolt  ampere  (kva)? 

Ans.  A  unit  of  apparent  power  in  an  alternating  current 
circuit  which  is  equal  to  one  kilowatt  when  the  power  factor  is 
equal  to  one. 

The  machine  mentioned  on  page  1,120  would  be  designed  to  carry  151 
amperes  without  overheating  and  also  carry  slight  overloads  for  shoit^ 
penods.   It  would  be  rated  as  6.6  kilovolts  and  151  amperes  whic 
would  equal  approximately  1,000  kilowatts  when  the  )x>wer  factor  i 
i  or  unity,  and  it  should  operate  without  undue.  Yiea^n:^.   \^^^  >S^ 
lower  the  power  factor  becomes,  the  greater  the  la.ea\AX4L  \2Rsoic^^ 
if0  ia  to^  to  pmduce  the  l,om  actx^laliamSfX^   ^^ 
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fva.  1,368— CurvM  illuitntinn  tamrr  loclor.     In  a  circuit  havins  no  caiucity  or  Indi 
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in  phase  with  the  preisure. 


f  ady  e> 


ie  othn 


,     To  illustrale.  take  a  cnmplcle  cycle  divided  into  360  degrees  and  lay't 

iciting  the  inapietic  ciiruit  of  the  transformer,  giving  A.  merely  lor  put 
1  cre?t  value  of  25  amperes.     Combining  iTicse  curves,  Ihe  dotted 

ef  placed  in  theprimr.ry  circuit  of  the  transformer.     It  will  be  noted 
,.S.™.,i™.™n.  .point  M'^ 
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Ques.    How  can  the  power  factor  be  kept  high  ? 

Ans.  By  carefully  designing  the  motors  and  other  apparatus 
and  even  making  changes  in  the  field  current  of  motors  which 
are  already  installed. 

Ques.  How  is  the  power  factor  determined  in  station 
operation? 

Ans.  Not  by  calculation,  but  by  reading  a  meter  which  forms 
one  of  the  switchboard  instruments. 


Fig.  1.368. — Fleming's  combined  voltmeter  and  ammeter  method  of  measuring  poorer  In 
alternating  current  circuits.  It  i  i  qu.te  accurate  and  enables  instnuticnts  in  use  to  be 
checked.  In  the  figure,  R  is  a  non-inductive  resistance  connected  in  shunt  to  the  inductive 
load.   The  voltmeter  V  zneasures  tn  J  ^rewrtire  across  the  resistance  XY.   A  and  A|  are  amp 

meters  connected  as  shown.    Then,  true  watts  —  T  AJ  —  A*  —  («• )  )  ^  T*    ^  *^  ^'^ 

meter  V  take  an  appreciable  amount  of  cuf*ent,  it  may  be  te^ed  as  follows:  disconnect 
R  and  V  at  Y,  and  see  that  A  and  At  are  ^t  .e;  then  connect  R  and  V  at  Y  again,  and 
disconnect  the  load.    At  will  eqtud  current  taken  by  R  and  V  in  parallel. 


Ques.  When  is  the  power  factor  meter  of  importance 
in  station  operation,  and  why? 

Ans.  When  rotary  converters  are  used  on  alternating  ctirrent 
lines  for  supplying  direct  currents  and  the  sub-station  operators 
are  kept  busy  adjusting  the  field  rheostat  of  the  rotary  to  main- 
tain a  high  power  factor  and  prevent  overheating  of  the  alter' 
nators  during  the  time  of  day  when  there  is  the  maximum  demand 
for  current  or  thejDealr  oi  the  load 
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EXAMPLE. — ^An  alternator  delivers  current  at  800  volts  pressure  at 
a  frequency  of  60,  to  a  circuit  of  which  the  resistance  is  75  ohms  and 
.25  henry. 

Determine:  a,  the  value  of  the  current,  h,  angle  of  lag,  c,  apparent 
watts,  d^  power  factor,  e,  true  power. 


a.  Value  of  current 


current 


E 


pressure 

impedance"    VR»  +  (2t/L)* 

800 

V76«  +  (2  X  3.1416  X  60  X  .25)«  -  6.7  amperes 


Pig.  1,369. — ^Wattmeter  method  of  three  phase  power  measurement.  Two  wattmeters  are 
re<iuired  in  unbalanced  systems  as  shown  in  the  illustration.  The  total  power  trans- 
mitted is  then  the  algebraic  sum  of  the  readings  of  the  two  wattmeters.  If  the  power 
factor  be  greater  than  .5,  the  power  is  the  arithmetical  sum,  and  if  it  be  less  than  .5,  the 
power  is  the  arithmetical  difference  of  the  readings. 


b.  The  angle  of  lag 

reactance      2t/L      2  X  3.1416  X  60  X  .25 
^^"^  *  =  resistance  = 


1.25 


R    ~  75 

<t>  =  angle  of  lag  =  51®  15'  (from  table,  page  451). 

c.  The  apparent  power 

apparent  power  =  volts  X  amperes  =  800  X  6.7  =  5,360  watts 


d.  The  power  factor 

power  factor  =  cosine  of  the  angle  of  lag 
=  cos  5r  15'  =  .626. 

e.  The  true  power 

true  power  =  apparent  power  X  power  factor 
«  5,360  X  .626  -  3^55  watts. 


5.36  kva. 
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CHAPTER  XLIX 

ALTERNATORS 


Use  of  Alternators. — The  great  increase  in  the  application 
of  electricity  for  supplying  power  and  for  lighting  purposes  in 
industry,  commerce,  and  in  the  home,  is  due  chiefly  to  the 
economy  of  distribution  of  alternating  current. 

Direct  current  may  be  used  to  advantage  in  densely  populated 
districts,  but  where  the  load  is  scattered,  it  reqtiires,  on  account 
of  its  low  voltage,  too  great  an  investment  in  distributing  lines. 
In  such  cases  the  alternator  is  used  to  advantage,  for  while  com- 
mutators can  be  built  for  collecting  direct  cxurent  up  to  1,000 
volts,  alternators  can  be  built  up  to  12,000  volts  or  more,  and 
this  voltage  increased,  by  step  up  transformers  of  high  economy, 
up  to  75,000  or  100,000  volts.  Since  the  copper  cost  is  inversdy 
as  the  square  of  the  voltage,  the  great  advantage  of  alternating 
current  systems  is  clearly  apparent. 

The  use  of  alternating  current  thus  permits  a  large  amount 
of  energy  to  be  economically  distributed  over  a  wide  area  from 
a  single  station,  not  only  reducing  the  cost  of  the  wiring,  but 
securing  greater  economy  by  the  use  of  one  large  station,  instead 
of  several  small  stations. 

The  higher  voltages  generated  by  alternators  enables  the  trans- 
mission of  electrical  energy  to  vastly  greater  distances  than  pos-  ' 
sible  by  a  direct  current  system,  so  that  the  energy  from  many  J 
waterfalls  that  otbemdse  would  go  to  waste  mav  b^  uM^A^oa^    ^ 
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Classes  of  Alternator. — There  are  various  ways  of  classify- 
ing alternators.  They  may  be  divided  into  groups,  according  to: 
1,  the  nature  of  the  current  produced;  2,  type  of  drive;  3, 
method  of  construction;  4,  field  excitation;  6,  service  require- 
ments, etc. 

From  these  several  points  of  view,  alternators  then  may  be 
classified: 

1.  With  respect  to  the  current,  as: 

a.  Single  phase; 

b.  Polyphase. 

2.  With  respect  to  the  type  of  drive,  as: 

a.  Belt  or  chain  driven; 

b.  Direct  connected. 

3.  With  respect  to  construction,  as: 

a.  Revolving  armature; 

b.  Revolving  field; 

c.  Inductor. 

Homopolar  and  hcfteropolar. 

4.  With  respect  to  mode  of  field  excitation,  as: 

a.  Self-exciting; 

b.  Separately  excited: 

Exciter  direct  connected,  or  gear  driven. 

c.  Compositely  excited. 

5.  With  respect  to  service  requirements,  as: 

a.  Slow  speed; 
h.  Fly  wheel; 
r.  High  speed; 

d.  Water  wheel  type;  ! 

e.  Turbine  driven.  • 
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Sii^e  Phase  Alternators.— As  a  general  nile,  when  alter- 
nators are  employed  for  lighting  circuits,  the  single  phase  ma- 
chines are  preferable,  as  they  are  simpler  in  construction  and 
do  not  generate  the  unbalancing  voltages  often  occurring  in 
polyphase  work. 


Ques.  What  are  the  essential  features  of  a  single  phase 
alternator? 

Ans.  Fig.  1,370  shows  an  elementary  single  phase  alternator. 
It  consists  o£  an  armature,  with  single  phase  'wm'i&ag,  %i£A. 
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magnets,  and  two  collector  rings  axid  brushes  through  which  the 
current  generated  in  the  armature  passes  to  the  external  circuit. 

Ques.  In  what  respect  do  eommercial  machines  differ 
mostly  from  the  elementary  alternator  shown  hi  fig. 
1,370,  and  why? 

Ans.  They  have  a  large  number  of  poles  and  inductors  in 
order  to  obtain  the  desired  frequency,  without  excessive  speed, 
and  electromagnets  instead  of  permanent  magnets. 


jONE  REVOLUTIONI 
\    TYWCVaES     I 


.MOTION  ^yV^ 


Fig.  1^71. — Developed  vie^  of  elementary  single  phase  four  pole  alternator  and  sine  cnrvt 
showing  the  alternating  cturent  or  pressure  generated  diuing  one  revolution.  The  anns* 
ture  is  nere  shown  as  a  flat  surface  upon  which  a  complete  view  of  the  winding  is  seen. 
If  M  be  any  position  of  an  inductor,  by  projecting  up  to  the  curve  gives  N,  the  correspond' 
ing  value  of  the  current  or  pressure.  Magnetic  lines  are  shown  at  the  poles  representiin 
a  field  decreasing  in  intensity  from  a  mazunimi  at  the  center  to  sero  at  points  half  way 
between  the  poles,  this  being  the  field  condition  corresponding  to  the  nne  form  of  wave. 
In  actual  machines  the  variation  from  the  sine  curve  is  considerable  in  tome  alternators. 
See  figs.  1.247  and  1.248. 


Ques.  In  actual  machines,  why  must  the  magnet  cores 
be  spaced  out  around  the  armature  with  considerable 
distance  between  them? 

Ans.  In  order  to  get  the  necessary  field  winding  on  the  cores, 
and  also  to  prevent  imdue  magnetic  leakage  taking  place,  later- 
ally from  one  limb  to  the  next  of  opposite  sign. 
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Qaes.  Is  thn«  any  gain  In  making  the  width  of  the 
armature  colls  any  greater  than  the  pole  pitch,  and  why? 

Ans.  No,  becaxise  any  additional  width  will  not  produce 
more  voltage,  but  on  the  contrary  will  increase  the  resistance 
and  inductance  of  the  armature. 


collector  rinffs^  giving 
:>le  pitch,  thac  Lb,  iiheie  B  wLndir 


ly  between  the  polM. 


Polyphase  Alternators. — A  multiphase  or  polyphase  alter- 
nator is  one  which  delivers  two  or  more  alternating  currents 
difEering  in  phase  by  a  definite  amount. 
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For  example,  if  two  armatures  of  the  same  number  of  turns  each  be 
connected  to  a  shaft  at  90  d^reea  from  each  other  and  revolved  in  a 
bipolar  field,  and  each  terminal  be  connected  to  a  collector  ring,  twc 
separate  alternating  currents,  diflering  in  phase  by  00  degrees,  will  bt 
delivered  to  the  external  circuit.  Thus  a.  two  phase  alternator  wifl 
deliver  two  currents  difEering  in  phase  by  one-quarter  of  a  cycle,  and 
amilarly  a  three  phase  alternator  (the  three  armatures  of  which  an 
set  120  degrees  from  each  other]  will  deliver  three  currents  differing  in 
phase  by  one-third  of  a  cycle. 

In  practice,  instead  of  separate  Brmatures  for  each  phase,  the  sevend 
windings  are  all  placed  on  one  aimature  and  in  Bucb  sequence  that  the 


Pig.  1.373— Developed  view  of  elementary  twg  pl 


!  easilv  detetmined,  sa  indicated  by  the  sine  curves,  li  will  be  leen  (nan  the  com 
il  four  poles  give  t«'a  c;>i;1«  per  revolution.  Inductors  A,  and  B  an  lettered  U 
[respond  with  fig.  1J72.  with  which  Ihev  Bhould  be  compaied. 

generated  with  the  desired  phase  difference  between  then 

shown  in  the  elementary  diagrams  1,372  and  1,373  for  two  phase 
current,  and  f^s.  1,374  and  1,375  for  three  phase  current. 

Ques.    What    use   is   made  of   two   and   three   phasf 
current? 

Ans.     They  are  employed  rather  for  power  purposes  than  fa 
Jifhting,  but  such  systems  are  often  installed  for  both  service 
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Ones.    How  are  they  employed  in  each  case? 

Ans.  For  l^hting  purposes  the  phases  are  isolated  in  separate 
oreuits,  that  is,  each  is  used  as  a  single  phase  current.  For 
driving  motors  the  circuits  are  combined. 


onnccud  ia  Ki 
1  apart.    Ai    ' 


polfl  three  phase  alrcrnato 

I  aod  ipaccd  on  the  drum  v 

own.  fljx  collector  ringa  are  use 

iployn).  as  previously  explair 


Ques.    Why  are  they  combined  for  power  purposes? 

Ans,     On  account  of  the  difficulty  encountered  in  starting 
a  motor  with  single  phase  current. 

Ferarris,  of  lUJy.  in  J888  discovered  the  important  putidp\c  "A  "Cwi 
pmdactioa  of  a  rotating  magnetic  field  by  mcana  gt  Wo  ot  tooTO 
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altematizig  currents  displaced  in  phase  from  one  another,  and  he  thus 
made  possible  by  means  of  the  induction  motor,  the  use  of  polyphase 
currents  for  power  purposes. 

Ques.  What  is  the  difficulty  encountered  in  starting  a 
otor  with  single  pliase  current? 

Ans.  A  single  phase  current  requires  either  a  synchronous 
5tor  to  develop  mechanical  power  from  it,  or  a  specially  con- 
nicted  motor  of  dual  type,  the  idea  of  which  is  to  provide  a 


^  1 ,376. — Diagram  of  six  phase  winding  with  star  grouping,  being  equivalent  to  a  three 
phase  winding  in  which  the  three  phases  are  disconnected  from  each  other  and  their 
middle  points  united  at  a  common  junction. 

;.  1.377. — Diagram  of  six  phase  winding  with  mesh  grouping. 


ethod  of  getting  rotation  by  foreign  means  and  then  to  throw 
the  single  phase  current  for  power. 

Six  Phase  and  Twelve  Phase  Windings. — These  are 
quired  for  the  operation  of  rotary  converters.  The  phase 
Serence  in  a  ^  phase  ynn^ng  is  90  degrees  and  m  a  Vh€c^^ 


i 
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phase  winding  30  degrees.     A  six  phase  winding  can  be  niad« 
out  of  a  three  phase  winding  by  disconnecting  the  three  phases  |^ 
from  each  other,  uniting  their  middle  points  at  a  common  junc- 
tion, as  shown  by  diagram  fig.  1,376.    This  will  give  a  Ftar 
grouping  with  six  terminals. 

In  the  case  of  a  mesh  grouping,  each  of  the  three  phases  must 
be  cut  into  two  parts  and  then  reconnected  as  shown  in  fig. 
1,377. 


FxG.  1.37S. — Diagram    of    twelve    phase 
winding  star  grouping. 


Fig.  1.379. —  Diagram  of  six  phas^ 
winding  consisting  of  combinatioa  of 
mesh  and  star  grouping. 


As  the  phase  difference  of  a  twelve  phase  winding  is  one-haf 
that  of  a  six  phase  winding,  the  twelve  phases  may  be  regarded 
as  a  star  grouping  of  six  pairs  crossed  at  the  middle  point  of  eacl 
pair  as  shown  in  fig.  1,378,  or  in  mesh  grouping  for  converters 
they  may  be  arranged  as  a  twelve  pointed  polygon.  They  maj 
also  be  grouped  as  a  combination  of  mesh  and  star  as  shown  in 
j^.  1, 379,  widch.^  however,  is  not  of  general  interest. 
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Belt  or  Chain  Driven  Alternators. — The  mode  in  which 
power  is  transmitted  to  an  alternator  for  the  generation  of  cur- 
rent is  governed  chiefly  by  conditions  met  with  where  the 
machine  is  to  be  installed. 

In  many  small  power  stations  and  isolated  plants  the  use  of 
a  belt  drive  is  unavoidable.  In  some  cases  the  prime  mover 
is  already  installed  and  cannot  be  conveniently  arranged  for 


ALTERNATOR 


Pig.  Ir380. — Belt-driven  alternator.  By  use  of  a  belt,  any  desired  speed  ratio  is  obtained, 
enabling  the  use  of  a  high  speed  alternator  which,  being  smaller  than  one  of  alow  8i>eed,  is 
cheaper.  It  affords  means  of  drive  for  line  shaft  and  has  other  advantages,  but  roquirrA 
considerable  space  and  is  not  a  "positive"  drive.  Belting  exerts  a  side  pull  which  resulta 
in  friction  ana  wear  of  bearings.  Means  for  tightening  the  belt  as  shown  in  fig.  1,381, 
or  equivalent,  must  be  i>rovided. 


direct  connection,  in  others  the  advantage  to  be  gained  by  an 
increase  in  speed  more  than  compensates  for  the  loss  involved 
in  belt  transmission. 

There  are  many  places  where  belted  machines  may  be  used 
advantageously  and  economically.  They  are  easily  connected 
to  an  existing  source  of  power,  as,  for  instance,  a  line  shaft  used 
for  driving  other  machinery,  and  for  comparatively  small  instal- 
lations they  are  lower  in  iirst  cost  than  dkecX  ciQ;ccDd^KX«^ 
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nmchmes.  Moreover,  when  connected  to  line  shaft  they  are 
run  by  the  main  engine  which  as  a  rule  is  more  efficient  than 
a  small  engine  direct  connected. 

Where  there  is  sufficient  room  between  pulley  centers,  a  belt 
is  a  satisfactory  medium  for  power  transmission,  and  one  that 
is  largely  used.  It  is  important  that  there  be  liberal  distance 
between  centers,  especially  in  the  case  of  generators  or  motors 
bdted  to  a  medium  or  slow  speed  ei^ne,  because,  owing  to  the 
high   speed  of  rotation  of  the  electric  machines,    there  is 


Pro.  I.tSi.— Sab-bueuid 

nted  l^  lever  B,  w 

1  latter,  (ngagioa  v 

!r  ttghtcnUifl  belt,  I    . 

eatd,  thus  securing  the  mi 

considerable  difference  in  their  pulley  diameters  and  the  drive 
pulley  diameter;  hence,  if  they  were  close  together,  the  arc  of 
contact  of  the  belt  with  the  smaller  pulley  would  be  appreciably 
reduced,  thus  diminishing  the  tractive  power  of  the  belt. 

Ques.    What  provision  should  be  made  In  the  desi^  of 
an  alternator  to  adapt  It  to  belt  drive? 
Aas.    Provision  should  be  made  for  t^htenii^  the  beit 
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Ques.    How  is  this  done? 

Ans.  Sometimes  by  an  idler  pulley,  but  usually  by  mounting 
the  machine  on  a  sub-base  provided  with  slide  rails,  as  in  fig. 
1,381,  the  belt  being  tightened  by  use  of  a  ratchet  screw  which 
moves  the  machine  along  the  base. 


;^>^vAmote 


Fig.  1,383. — Diagram  illustrating  rule  for  horse  power  transmitted  by  belts.  A  single  belt 
travelling  at  a  speed  of  i  .ooo  feet  per  minute  will  transmit  one  horse  power:  a  double  belt  tpUl 
transmit  twice  that  amount,  assuming  that  the  thickness  of  a  double  belt  is  twice  that  of  a 
single  belt.  This  is  conservative  practice,  and  a  belt  so  proportioned  will  do  the  work 
in  practically  all  cases.  The  above  rule  corresponds  to  a  pull  of  33  lbs.  per  inch  of  width. 
Many  designers  proportion  single  belts  for  a  pull  of  45  lbs.  For  double  belts  of  average 
thickness,  some  writers  say  that  the  transmitting  efficiency  is  to  that  of  single  belts  as 
10  is  to  7.  ^  This  should  not  be  applied  to  the  above  rule  for  single  belts,  as  it  will  give  an 
unnecessarily  large  belt. 


Ques,  Give  a  rule  for  obtaining  the  proper  size  of  belt 
to  deliver  a  given  horse  power. 

Ans.  A  single  belt  travelling  at  a  speed  of  one  thousand  feet 
per  minute  will  transmit  one  horse  power;  a  double  belt  will  trans- 
mit twice  that  amount. 

This  corresponds  to  a  working  strain  of  33  lbs.  per  inch  of  width  for 
single  belt,  or  ()(>  lbs.  for  double  l)elt. 

Man^  writers  give  ps  safe  practice  for  single  belts  in  good  condition 
«  working  tension  of  45  lbs.  per  inch  ol  mith. 
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Ques.    What  is  the   best  speed  for   maximum  belt 
economy? 

Ans.     Prom  4,000  to  4,600  feet  per  minute. 

EXAMPLE.— What  is  the  proper  size  of  double  belt  for  an  alternator 
havinga  IP  inch  pulley,  and  which  requires  60  horse  power  to  drive  it 
at  1,000  revolutions  per  minute  full  loadj 
The  velocity  of  the  belt  is 

circumference  in  feet  X  revolutions  —  feet  per  minute 
^  X  3.1416  X       1,000       -         4,188. 


.... ,-.     [t  ii  drs^ned  for  batad 

Hter,  having  a  ihaft  uteniioa  it  the  collector  ling  ead  fo:  ncitcr  driving  pulley. 

Hoiw  power  transmitted  per  inch  width  of  double  belt  at  4,188  feet 
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Width  of  double  belt  fer  60  horse  power 

fiO  +  8.38  -  5.97,  say  6  inch. 

Ques.    What  are  the  advantages  of  chain  drive? 

Ans.  The  space  required  is  much  less  than  with  belt  drive, 
as  the  distance  between  centers  may  be  reduced  to  a  minimum. 
It  is  a  positive  drive,  that  is,  there  can  be  no  slip.  Less  liability 
of  becomii^  detached,  and,   because  it  is  not  dependent  on 
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t,  fiif.  1,385.  the  eng 
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>  ba  diKODDCcted  ukd  the 

frictional  contact,  the  diameters  of  the  sprockets  may  be  much 
less  than  pulley  diameter  for  belt  drive. 

Ques.    What  are  some  objections? 

Ans.     A  lubricant  is  required  for  satisfactory  operation,  which 
causes  more  or  less  dirt  to  collect  on  the  chain,   requiring 
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fi«quent  cleaning;  climbing  of  teeth  when  links  and  teeth  become 
worn;  ncnse  and  &icti<Mi. 

Direct  Gonnected  Alternators. — There  are  a  large  number 
of  cases  where  economy  of  space  is  of  prime  importance,  and  to 
nieet  this  condition  the  alternator  and  engine  are  direct  con< 


oected,  meaning,  that  there  is  no  intermediate  gearii^  such  aa 
belt,  chain,  etc.,  between  engine  and  alternator. 

One  difficult?  encountered  in  ttie  direct  connection  of  engine  and 
alternator  is  the  fact  that  the  moot  deorable  rotative  speed  of  the  engina 
it  leaa  than  tiiat  of  the  alternator.  Accordingly  a  coaijKOn^BVk'Gnte 
Iqr  luring  tba  KiciD*  cMKi  «nd  loweiiiv  the  utsnittkQK  VMt)^ 
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The  inastent  demand  for  direct  connected  units  in  the  smaU  sod 
medium  sizes,  especially  for  direct  cunent  units,  was  the  chief  causa 
resulting  in  the  rapid  and  high  development  of  what  is  known  as  the 
"high  speed  automatic  engine." 

Increasing  the  engine  speed  means  that  more  horse  power  is  developed 
for  any  given  cylinder  dimensions,  while  reducing  the  epeed  of  the 
generator  involves  that  the  machine  must  be  larger  for  a  given  output, 
and  in  the  case  of  an  alternator  more  poles  are  required  to  obtain  a 
given  freqtKncy,  resulting  in  increased  cost 

The  compactness  of  the  unit  as  a  whole  Eimpl  city  and  general 
advantages  are  usually  so  great  as  to  more  than  offset  any  additiooal 
C3st  of  Uie  generator. 


engine  baie  to  acconutiodate  a  bearing'    This  (ype  consiata  of  alternator  complete  vitli 
shut  and  bearinga  similar  to  belt  type  machiiies,  cut  with  beoringA  not  Decenary  dajgud 

Ques.    What  1b  the  difference  between  a  direct  con- 
nected and  a  direct  coupled  unit? 

Ans.     A   direct   connected   unit   comprises   an   engine   and 
^Koaraiarpe/TOaneotly  connected;  diiect  cQu.\t\iii%fi^SDifiies  that 
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engine  and  generator  are  each  complete  in  itself,  that  is,  having 
two  bearings,  and  are  connected  by  some  device  such  as  friction 
dutch,  jaw  clutch,  or  shaft  coupling. 


Revolving  Armature  Alternators. — This  type  of  alternator 
is  one  which  has  its  parts  arranged  in  a  manner  similar  to  a 
dynamo,  that  is,  the  armatdre  is  mounted  on  a  shaft  so  it  can 


TO  SOURCE  OF 

EAC1TIN& 

CURRENT 


pluU,  i»lstcd  lii^ting  pluiti.  where  mediun 


revolve  while  the  field  magnets  are  attached  to  a  circular  frame 
and  arranged  radially  around  the  armature,  aa  sVon-jix  m  ^'-^l,. 
ASSff.     It  may  be  single  or  polyphase,  belt  dtiveu,  ot  ^ft^ 
coanected. 
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Ques.  When  is  the  revolvhig  type  of  armature  used 
and  why? 

Ans.  It  is  used  on  machines  of  small  size  because  the  pressure 
generated  is  comparatively  low  and  the  current  transmitted 
by  the  brushes  small,  no  difficulty  beii^  experienced  in  collecting 
such  a  current. 


Ques.    Could  a  dynamo  be  conv^ted  into  an  alternator? 

Ans.     Yes. 

Ques.     How  can  this  be  done? 

Ans.     By  placing  two  collector  rings  on  one  end  of  the  anna* 
ture  and  connecting  these  two  rings  to  points  in  the 
ivinSng  180°  apart,  as  shown  in  fig.  1,390. 


ALTERNATORS 


Ques.    Would  such  arranftemait  as  shown  in  fig.  1,390 
make  a  desirable  alternator? 


Alternating  current  windings  are  usually  different  from  those  used  for 
direct  currents.  One  distinction  is  the  fact  that  a  simple  open  coil 
winding  may  be,  and  often  is,  employed,  but  the  chief  dinerence  is  the 
intennittent  action  of  the  inductors. 

Id  a  direct  current  Gramme  ring  winding  a  certain  number  of  coils  are 
alwaysactive,  while  those  in  the  space 
between  the  pole  pieces  ore  not  gen- 

.      In  this  wa  ^-i... 

,  pressure  is  prod 
fraction  of  I  he  coils. 

In  the  case  of  an  alternator  all  of 

the  coils  arc  either  active  or  inactive 

Hence,  the   winding 

need  cover  only  as  much  of  the  arma- 

covered  by  the  pole  pieces. 


tconiHctad  uidpkaa 

_p  dtokted  Id  the  baia  of  th* 

, ,. It  fe«d  oil  cop  "hicb  tsad*  to  ■ 

.  Jil  trooA  on  tlM  iiuidt  ot  the  at^ne  frame,  from  here  oi]  irin*  Itad  to  all 

>le  bearinsi,  »liich  are  grooved  to  inmre  proper  diatribution  ot  oa.     Tb«  ou  la 

d  from  beartnai  Into  thg^MK.  filtered  and  repumped.     A  water  ihed  partitica  (• 

Moridad  in  the  engine  frame.  preventinB  ooy  miter  paiung  from  the  CTlmder  down  fnW 
ih*  aolBM  baas  and  mfaiing  with  the  oL  conaeqaeaUy  leavioB  gooi,  Qua  cA  WAndk 
IIMiukfBtimM.   Tt«il»taflirfta«fehr<n«Mnn«irgtwniMBwwtt^BBt.\J»n- 
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Revolving  Field  Alternators. — In  generating  an  elect 
current  by  causing  an  inductor  to  cut  magnetic  lines,  it  mal 
no  difference  whether  the  cutting  of  the  magnetic  lines  is  effecl 
by  moving  an  inductor  across  a  magnetic  field  or  moving  1 
magnetic  field  across  the  inductor. 


revolving  field  seU-coauined  belted  type  dtenutot. 


Motwn  is  purely  a  relative  matter,  ■tha.t  is,  an  object 
sa/d  to  move  when  it  changes  its  poEitVoTvm\,\is«yco&Q.'0nesOQ 
^garded  as  stationary;    it  may  be  moNm%  "m'Oa  t         " 
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second  object,  and  at  the  same  time  be  at  rest  with  respect  to 
a  third  object.  Thus,  a  dory  has  a  speed  of  four  miles  per  hour 
in  still  water;  if  it  be  run  up  stream  against  a  current  flowing 
four  miles  per  hour  it  would  move  at  that  speed  with  respect 
to  the  water,  yet  remain  at  rest  with  respect  to  the  earth. 

It  must  be  evident  then  that  motion,  as  stated,  being  a  purely 
ielati\-c  matter,  it  makes  no  difference  whether  the  armature 


MILES  nn  HOUR 


of  a  generator  move  with  respect  to  the  field  magnets,  or  the 
field  magnets  move  with  respect  to  the  armature,  so  far  as  inducing 
an  electric  current  is  concerned. 

Por  sJtema tors  of  medium  and  large  sizu  there  aic  ^e^its^. 
rta-ons  why  the  armature  should  be  stationary  and  Wti  ^<Wi. 
magnets  revolve^  as  follows: 


1,148  HAWKINS  ELECTRICITY 

1.  By  making  the  armature  stationary,  superior  insulation 
methods  may  be  employed,  enabling  the  generation  of  current 
at  very  much  higher  voltage  than  in  the  revolving  armature  type,   '' 

2.  Because  the  difficulty  of  taking  current  at  very  high  pres- 
sures from  collector  rings  is  avoided.  ' 

The  field  current  only  passes  through  the  collector  rings.     %icft  Um    ' 
field  current  is  of  low  voltage  and  small  in  comparison  with  the  inain 
current,  smalt  brushes  are  sufficient  and  sparking  troubles  arc  avoided. 

POLE  PIECE  ^  DOVH  TAIL  J01MT 

CORE,,^^     ^^^JIHJ^^hZ  FIELD  COILS 

ARMATURE  COILS       >|(f^^SES5sSW        ARMATURE 


3.  Only  two  collector  rings  are  required.  j 

4.  The  armature  terminals  being  stationary,  may  be  enclosed  i 
permanently  so  that  no  one  can  come  in  contact  with  them.  ' 

Quea.     What  names  are  usually  applied  to  the  arma-  ' 
re  and  Seld  magnets  with  respect  to  -w^&Oi  xoRPi^ft 

"^^     The  "st&tor"  and  the  "rotor." 
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Tbe  tenns  armature  and  fidd  magnets  are  to  be  preferred  to  such 
expressions.  An  armature  is  an  armature,  no  matter  whether  it  move 
orbefixed,  and  the  same  applies  to  the  field  magnets.  There  is  no 
good  reason  to  apply  other  tenus  whidi  do  not  define  tbe  parts. 

Ques.  Explain  the 
essential  features  of 
a  revolving  field  al- 
ttfnator. 

Ans.  The  construc- 
tion of  such  altemat- 
L  ors  is  indicated  in  the 
r     diagram,     fig.     1.394. 

Attached  to  the  shaft 
,    is  a  field  core,  which 

carries  the  latter,  con- 

sistir^    of    field    coils 

fitted   on    pole   pieces 

which    are   dovetailed 

to  the  field  core.  The 
I  annature  is  built  into 
:  the  frame  and  sur- 
rounds the  magnets  as 
L  shown.  The  field  cur- 
'  rent,  which  is  trans- 
I  XDitted  to  the  magnets 
'  by  slip  rings  and 
I   brushes,      consists 

of     direct      current   via.  I^Ml— WMWm   Iflectrk  itatioiuiT  annatnni  Md 

of  comparatively  low       SST^JoSSfthfSSdSliSd'S^  Ji."i„"'^'3S 
■    Pressure,  obtained       .^^SSSTT^dlL'^co'S'SiV^rp^l^Jrl^ 

f,,  1 1  ■ , ,     1 1 1,     A«  +  A*«.n1  merooB  ventilating  ducts  are  provxlcc]  m  the  con  a^ 

:    *rcfm  some  external       (»qiwnimt«T.i.to.iiow(fBecimiutionotcoQi»4 

^  Tha  amuture  ooik  an  lurtt  


a  ioTtn  TOmA."iii«^>«&.^ 


1,150 


HAWKINS  ELECTRICITY 


Inductor  Alternators. — In  this  dass  of  alternator 
armature  and  field  magnets  are  stationary,  a  current 
induced  in  the  armature  winding  by  the  action  of  a  so 
inductor  in  movii^  through  the  magnetic  field  so  as  to  peiio< 
vary  its  intensity. 


an  inductor  ptiswi  out  of  the  air  RBp  as  In  fig.  1 ,397,  the  numtwr  of  mametlc  line* 
reduced;  that  is,  when  an  inductoi  is  in  theair)!.ir,  the  magnetic  field  is  dense,  i 
Miinduc(0TislntheK»p.tlwliQUli3WeaI<:  avanableflin  isthusmidetopas  thi 
Bniutur«  winding,  inducini  current  therdn.  The  essential  fi'ature  ol  the  indue 
nator  is  that  Iron  only  ]■  revolving,  and  ai  the  de<^ien  is  usually  homopniar.  the 
flnxin  ita  field  coils  is  not  altemating  but  undulating  in  character.  Thus,  witl 
"™?JJ^  ""v  "'™t'''  '^''^-  '"'^™°^^  't''°h°'h'  '"""'"-'"^  f "an'ahefliayor'l 


the  othi 


igthat. 


Ques.    What  influence  have  the  inductors  on  th< 
flux? 

Ans.     They  cause  it  fa  undulate;  that  is,  the  flux  rise 
maximum  and  falls  to  a  niimmuin  value,  but  does  not  rev 
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Ques.  How  does  this  affect  the  design  of  the  machine 
18  compared  with  other  types  of  alternator? 

Ans.  With  a  given  tnaximmn  magnetic  flux  through  each 
x>lar  mass,  the  total  number  of  armature  turns  necessary  to 
)roduce  a  given  pressure  is  twice  that  which  is  required  in  an 
tltemator  having  an  alternating  flux  through  its  armature 
tdndings. 


1.308  and  1.399. — ^A  low  tension  tuition  system  with  an  inductor  magneto  of  the  oBcOlat- 
inc  type.  The  inductor  E  is  rotated  to  and  fro  by  means  of  a  link  K,  one  end  of  which 
is  attached  to  the  inductor  crank,  and  the  other  to  the  igniter  cam  C.  Two  views  are 
shown :  immediately  before  and  arter  sparking.  S  is  the  grounded  electrode  of  the  igniter; 
T  an  adjustable  hammer  which  is  secured  in  position  by  a  lock  nut  N. 


Ques.  Is  the  disadvantage  due  to  the  necessity  of 
doubling  the  number  of  armature  turns  compensated 
In  any  way? 

Ans.  Yes,  the  magnetic  flux  is  not  reversed  or  entirely 
changed  in  each  cyde  through  the  whole  mass  ot  \iotv  va  >Jckft 
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armature,  the  abrupt  changes  being  largely  confined  to  the 
projections  on  the  armature  surface  between  the  coils, 
Ques.    What  benefit  results  from  this  peculiarity? 

Ans.  It  enables  the  use  of  a  very  high  magnetic  fiux  density 
in  the  armature  without  excessive  core  loss,  and  also  the  use  of 
a  large  Sux  without  an  excessive  increase  in  the  amount  of 
magnetic  iron. 

The  use  of  a  large  flux  permits  a  reduction  in  the  number  of  ormaturv 
turns,  thus  compensating,  more  or  less,  for  the  disadvantage  due  Ia 
the  operation  of  only  one-half  of  the  armature  coils  at  a  time. 


- d  difficult „ , 

Inductor  oltemstDri  taavrt  became  praclically  obKletc, 

TTie  reasons  for  the  typebeln^  displaced  by  other  loraii  of 
jnly  hall  as  great  a  pmsure  ift  ob^mtd  b1  t  ft'ai.  tA  ^-q«&  «xw;p 
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Oflsses  of  Inductor  Alternator. — There  are  two  classes 
into  which  inductor  alternators  may  be  divided,  based  on  the 
mode  of  setting  of  their  polar  projections: 

1.  Homopolar  machines; 

2.  Heteropolar  machines. 

Horoopolar   Inductor  Altematon. — In  this  type  the  positive 

polar  projections  of  the  inductors  are  set  opposite  the  ne^tive  polar 
projections  as  shown  in  fig.  1,102.  When  the  polar  projections  are  set 
in  this  manner,  the  armature  coils  must  be  staggered  "  or  set  dis- 
placed alooe  the  circumference  with  respect  to  one  another  at  a  distance 
equal  to  hau  the  distance  from  the  positive  pole  to  the  next  positive  pole. 


Heteropolar  Inductor  Alternators. — Machines  of  this  class  are 
those  in  which  the  polar  projections  are  themselves  staggered,  as  shown 
in  fig.  l,40ii,and  therefore,  do  notretiuirc  the  stafigering  of  the  armature 
coils.  In  this  case,  a  single  armature  of  double  width  may  be  used,  and 
the  rotating  inductor  then  acls  as  a  kderapolar  magnet,  or  a  magnet  which 
presents  alternatively  positive  and  negative  jiolcs  to  the  armature, 
instead  ot  presenting  a  scries  of  j>oTcs  of  the  same  polarity  as  in  the  case 
of  a  homopolar  magnel. 

U»e  of  Inductor  AUernatora. — Morday  onKii^^^V   Aesi¥,T\<A  m\& 
introduced  iniluctor  altcmatnrs  in   If  (Hi.     Thev  arc  viot  t'Cie  ■^WJi'SvpLSf, 

f^y^c^^uHydas^gn^  with  rcgarrto  tnaiuetic\eaks«!pm«^ 


type. 
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to  prevent  them  being  relatively  too  heaver  and  ccotly  for  thdr  output, 
and  too  defective  with  respect  to  thetr  pressure  regulation,  othei 
defects  being  heavy  eddy  current  losses  and  inferior  heat  conductance. 

Huntlnft  or  Singing  in  Alternators.— Huntii^  is  a  temi 
applied  to  the  state  of  two  parallel  connected  alternators  running 
out  of  step,  or  not  synchronously,  that  is,  "  see  sawing."    When 


Fic.  1,«W  .—Revolving  Bi 


the  current  wave  of  an  alternator  is  peaked  and  two  machines 
are  operated  in  parallel  it  is  very  difficult  to  keep  them  in  step, 
that  is  in  synchronism.  Any  difference  in  the  phase  relation 
which  is  set  up  by  the  alternation  will  cause  a  local  or  syn- 
chronizing current  to  flow  between  the  two  machines  and  at 
times  it  becomes  so  great  that  they  must  be  disconnected. 

Alternators  which  produce  a  smooth  current  wave  and  are 
maintained  at  uniform  speed  by  properly  designed  governors. 
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operate  fairly  well  in  parallel,  but  are  not  entirely  free  &om 
hunttng,  and  other  means  are  provided  to  overcome  the  difficulty. 
When  heavy  copper  flanges,  called  dampers,  are  put  over  the 
polar  projections  or  copper  bars  laid  in  grooves  on  the  pole 
taoe  and  short  circuited  by  connecting  rings  (called  amortisseiu* 


Pic  I.«S.— We«tiiiahou»e  field  wi 
behcd  altoTiAton,  —'-■-'-  --- 
,Tbeeopp=r ' 


vinding),  the  powerful  induced  currents  which  are  produced  when 
the  alternators  get  out  of  step  tend  to  quickly  re-establish  the 
phase  relation. 

Two  examples  of  a  fleld  provided  with  amortisseur  windii^ 
is  shown  in  figs.  1,404  and  1,405. 


often  erroneouur  called      iquirTcl  owe 
The  l&tter  term  should  be  reierved  lot 


inductiaci 


Mliiinmii  II  M  being  tba  nama  of  the  type  of  amuture  winding  senenUly  lunl 
noton.  the  nunc  beins  nga<'*t'd  or  ttie  resembluiix  af  the  finished  atmniuTs  u  uw 
■bivl  of  K  ■qaimfl  cage.  A  companion  ol  6ff«.  1 ,4D5  and  1 74&  will  ahow  the  distmctkm-  Id  a 
•quinel  case  winding  there  iaalaiganumberof  baiaunilonnly  ipacslian  anwrtiiiear  wmdiac 
'——'-"  of  a  compaistively  iman  number  dI  bari,  uaually  unevenly  ipaced.  that  ii  they  ai« 
dhrided  into  Bmn  with  coniidnbla  iiiace  between  the  gn)np»,a»iaftB.\iWa,MA\iw>v»- 
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ideilfi 

„ . 1   U  CI 

ctaiifll  and  opwaled  £roi 


calLid 


voltage  has  bixn  Bsaumed  lo  lie  i.dSO  voUa,  and  lAe  -juttaeE*  tomVwI  to  cotteimmd 
the  generated  pressure.     The  coils  ot  the  ii\tEmatoi  armatMie  iwe  i;arM.TSvA.  »». 

'  the  teiuer  coila.  b  resultant "piesjurf  is  oeieiHed.    Xivtx  ie»i\«J'y  »«  '!=™' 
«"(.  lareer  tbmn  half  the  mfliiTpn^ure-    Thev  ai«  ^•'^  »  ' 
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Monocyclic  Alternators. — This  type  of  alternator  was 
designed  prior  to  the  introduction  of  the  polyphase  systems, 
to  overcome  the  difficulties  encountered  in  the  operation  of  singlt: 
phase  alternators  as  motors,  A  single  phase  alternator  will  not 
start  from  rest  as  a  motor,  but  must  first  be  started  and  brought 

MAIN 


ALTERNATOR 

TEAZER 


MAIN 


Fig.  1 .407. — Monocyclic  sjrstem  djagram  showing  transforxner  connectiona. 

Up  to  the  proper  speed  before  being  connected  with  single  phase 
mains.  This  condition  constituted  a  serious  difficulty  in  all 
cases  where  the  motor  had  to  be  stopped  and  started  at  com- 
paratively frequent  intervals. 
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Pia.  1.408. — Diagram  showing  section  of  monocyclic  alternator  armature  illustrating  the 
armature  winding.  The  main  coils  are  wound  on  every  other  tooth,  and  the  teaser  <oils 
are  placed  in  quadrature  with  them,  as  shown. 


The  monocyclic  alternator  is  a  single  phase  machine  providn 
with  an  additional  coil,  called  a  teaser  coil,  wound  in  two  pba 
relationship  with,  and  connected  to  the  center  of  thAtsoaasi^aafl 
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Pto.  1.409.— Diasram  showlnR  c 

iJMO  volt  michine,  connM* _ 

■  -    B.  C  ti  1),  E  to  ]•,  and  G 


'    "  '.heniacMiwifitobenininparHlkl  wiihano' 

■      ■  -rMudsoi 

ThcKih 


has  not  iKwn  afranaed  tor  cliK.1.    ,  

the  ciiiniiiu<aior-c>ll>'ci<>r  musc  be  made  W  Ihe  niacMne  is  tolw  run  in  paridU 
Fig.  1.410  shons  the  conm-cli'HiiofnHinoo-cUcalteniaton.    Infig.  1.409. - 


era  ore  itamiKd  on  Xtrt  Gnrls  of. the  iiud  and  tt_, 

igocto, sftcr  tbe aimaturelsids an 4iacooiiected and  thi- bnu) 
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1 

phase  coil.     It  is  provided  with  three  collector  rings;   two  for 
the  single  phase  coil,  and  one  for  the  free  end  of  the  teaser  coil. 

By  this  arrangement  ordinary  single  phase  incandescent 
lighting  can  be  accomplished  by  means  of  a  single  pair  of  wires 
taken  from  the  single  phase  coil.  Where  three  phase  motors 
have  to  be  operated,  however,  a  third  wire,  called  Miq  power  wire, 
which  is  usually  smaller  than  the  main  single  phase  wires  is  carried 


Pig.  1,410. — Diagram  showing  connections  of  General  Electric  monocyclic  alternator.  The 
solid  lines  show  standard  connections  for  counter-clockwise  rotation;  the  broken  lines 
show  connection  changed  for  clockwise  rotation. 

to  the  point  at  which  the  motor  is  located,  and  by  the  use  of  two 
suitably  connected  transformers  three  phase  currents  are  ob- 
tained from  the  combined  single  phase  and  power  wires  for 
operating  the  motors. 

Fig.  1,406  shows  the  connections  of  the  monocyclic  system 
and  it  is  only  necessary  to  carry  the  teaser  wire  into  buildings 
where  motors  are  to  be  used. 


l.H 


HAWKINS  ELECTRICITY 


Armature  Reaction, — Every  conductor  canying  a  current 
creates  a  magnetic  field  around  itself,  whether  it  be  embedded 
in  iron  or  lie  in  air.  Annature  inductors,  therefore,  create 
magnetic  fluxes  around  themselves,  and  these  fluxes  will,  in 
part,  interfere  with  the  main  flux  from  the  poles  of  the  field 
magnet.    The  effect  of  these  fluxes  is: 


_-  And  £e1d  showing  dUlanint  tffta  of  ■rmiiuTT 

.  Wbi^n  4  coU  is  opposite  a  pole  u  in  Vl^.  1,411,  do  cuuent  ia  flowing 
iiuiningnoKllinduction)uidIhcliel3  ii  undfaluttMd.buc.u  thelniluctara  pan  under 
Dolc  face  u  in  Gg.  1.412,  current  19  induced  inlbeia,  ■ndlincaaf  [ores  are  kc  upuic- 
:ated  by  the  dotted  linn.  This  diitoni  the  main  field  lo  that  the  Una  of  force  ue 
iwded  toward  the  forward  part  of  the  pole  face  ai  ahopm. 


1.  To  distort  the  field,  or 

2.  To  weaken  the  field. 


Ques.  Explain  how  the  field  becomes  distorted  by 
armature  reaction. 

Ans.  Considering  a  slotted  armature  and  analyzing  the 
electrical  conditions  as  the  inductors  move  past  a  pole  piece,  it 
wi})  be  observed:   1,  when  the  coil  is  in  the  position  shown  in 
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ig.  1,411,  the  current  will  be  zero,  assuming  no  armature  self- 
nduction,  consequently  for  this  position  the  armature  coil  has 
lo  disturbii^  effect  upon  the  field  set  up  by  the  field  magnet; 
!,  when  the  inductors  have  moved  under  the  pole  face,  as  in 
ig.  1,412,  currents  will  be  induced  in  them,  and  they  will  tend 
.o  set  up  a  magnetic  field  as  indicated  by  the  dotted  lines,  and 
n  direction,  by  the  arrow  heads.  The  effect  of  this  field  will  be 
o  distort  the  main  field,  strengthening  one  side  of  the  pole  and 
veakening  the  other  side. 


Dtfld.  thus  wfakeniiiB 


lo  defining  the  direction  of  ei 


[XMition  a[  icro  induction,  uihown. 
coils  which  arc  in  opposition  to  the 
representing  respectively  the  heftdi 


Ques.    Explain  how   the  field   becomes  weakened  by 
umature  reaction. 

Ans.  In  all  armatures  there  is  more  or  less  inductance 
vhich  causes  the  current  to  lag  behind  the  pressure  a  cor- 
■esponding  amount.  Accordingly,  the  current  does  not  stop  flow- 
ng  at  the  same  instant  that  the  pressure  becomes  zero,  therefore, 
vhen  the  coil  is  in  the  poation  of  zero  pressure,  a&  vn.?i^.  \,ttX, 
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the  current  is  still  flowing  and  seta  up  a.  m^netic  fidd  whidi 
opposes  the  main  field  as  indicated  by  the  dotted  arrows,  thus 
weakening  the  main  field. 

Ques.    In  what  kind  of  amriture  Is  this  effect  especially 
pronounced  i 

Ana.    In  slotted  armatures  provided  with  coils  of  a  large 
number  of  turns. 


CURRENT  COME 


the  current  »i]l  have  come  to  reit  and  reversed.  Accondinfllyp  Lines  of  force  (Indicated  hy 
the  dotted  linea)  are  kC  up  by  the  current  flowing  throucG  the  coil  uid  wtuch  are  is  Uu 
j!_.^-j^_  —  -t-  i:_ f  f /  ,t-  £^ij   -L..-  --^ — .1 — r-|g  ^^  latter 


Oues.    What  would  be  the  effect  if  the  current  lead 
the  pressure  P 

Ans.     It  would  tend  to  strengthen  the  field  as  shown  in 
fig.  1,414, 


The  value  ot  the  armature  ampere  turns  which  tend  to  distort  and 
to  diminish  or  augment  the  effect  of  the  ampere  turns  on  the  field 
inagnet  is  sometimes  caiculat^d  as  follows: 
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j^_.707xrXTXP 

in  which 

Aoftimatiire  ampere  turosi 
iBCUirent'  per  ^Miase; 
T— turns  per  pole  per  phase; 
pHnumber  of  phases; 
tMproduct  of  the  distribution  and  pitch  factors  of  the  winding. 

TTiis  value  of  ampere  turns,  combined  at  the  proper  phase  angle  with 
the  field  ampere  turns  gives  the  value  of  the  ampere  turns  available  for 
prodticiiig  useful  flux. 


btJon  in  naah  jdanti 


jmtelv  exCjted  belt  driv«i:i  alt«niBtor.  & 


— 9  pawer  IB  nipplled  to  inductioi 

appuaUu.    Ths  tr»  ban  inown  ii  baM  io  aiu 
—  -" *- ■ndroltiiu  o(  240.  t§a  900,  1, 


ikw.to200kw,.  aOcrds.two 

r ■ - .  - — p  -P-" _.^„J  volti.   They  mAy  b«  opcnLted 

■■BttgleDluHBltaiwMnbvtumatmol  the  phuea  and  mmy  then  be  rated  >t  70  per  cent. 
al  the  polrpluu  ntins.  Ths  field  iaeicited  by  direct  current  utapreuurc  of  liS  volti. 
TIkh  BltoTutan  nuylie  Died  u  lyachrDnoiu  motor*  >uid  for  itiis  duty  are  fitted  with 
•mortiMtur  winding  In  tha  pole  faces  vhich  doea  not  intarlen)  with  tbsir  uH  aasltematori. 


SiotlB  Pfuwe  Rcactloiu. — Unlike  three  phase  currents,  a  single 
phase  current  in  an  alternator  armature  produces  a  periodic  disturbance 
of  the  flux  through  the  machine.  In  the  magnet  system  this  distuibuDca 
ia  td  twice  Um  normal  fxtqueacy,  vbile  in  the  anQB.\.\u«  c»t%S.\. ''&'&« 


iftiiiyiliti 


it 
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^aac  as  the  nDrmal  frequency.  In  both  cases  the  eddy  currents  which 
are  set  up,  produce  a  marked  increase  in  the  load  losses,  and  thus  tend 
to  ^^^  the  machioe  a  higher  temperature  rise  on  single  phase  loading. 

Designere  continue  to  be  singularly  heedless  of  these  single  phase 
reactions,  resulting  in  many  cases  of  unsatisfactory  single  phase 
alternators.  Single  phase  reactions  distort  the  wave  form  of  the 
Tnachiike. 

Three  Pbaae  Reactions.— The  action  of  the  three  phase  currents 
in  an  alternator  is  to  produce  a  resultant  Reld  which  is  practically  uni- 
form, and  which  revolves  in  synchronism  with  the  field  system.  The 
resultant  three  phase  reaction,  because  of  its  uniformity,  produces  no 


Pk.  l.UO. — DucTWD  tbowing 


ereat  increase  in  the  load  losses  of  the  machine,  the  small  additional 
losses  which  are  present  bdi^  due  to  windings  not  being  placed  actually 
in  space  at  120°,  and  to  the  local  leakage  in  the  teeth. 

Magnetic  Leakage. — In  the  design  of  alternators  the  drop 
of  voltage  on  an  inductive  load  is  mainly  dependent  upon  the 
magnetic  leakages,  primary  and  secondary.  They  increase  with 
the  load,  and,  what  is  of  more  importance,  they  increase  with 
the  fall  of  the  power  factor  of  the  circuit  on  which  they  may  be 
worldng.    This  is  one  reosoa.  why  certjun  t^fpes  ol  siVKcoaSwi, 


1,166  HAWKINS  ELECTRICITY 

though  satisfactory  on  a  lighting  circuit,  have  proved  them- 
selves unsatisfactory  when  applied  to  a  load  consistii^  chieflj 
of  motors. 

The  designer  must  know  the  various  causes  which  contributt 
to  leakage  and  make  proper  allowance. 

In  general,  to  keep  the  leakage  small,  the  pole  cores  should 
be  short,  and  of  minimum  surface,  the  pole  shoes  should  nol 
have  too  wide  a  span  nor  be  too  thick,  nor  present  needles; 


;  offered  bj-  Id 

, -  , »  (ew  of  the 

throuEh  the  air  by  a  kakagc  which  Bdds  lo  Ihe  useful  fluiL.    At  the  topi  of  the  i 

field'.  I 

tothi 

og  tips  or  edges  o( 
iion  due  10  tlie  p. 


corners,  and  the  axial  length  of  the  pole  face  and  of  the  armaturt 
core  should  not  be  too  great  in  proportion  to  the  diameter  of  th( 
working  face. 

To  keep  the  increase  of  leakage  between  no  load  and  full  load 
from  undue  magnitude,  it  is  requited  that  armature  reactions 
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shall  be  relatively  small,  that  the  peripheral  density  of  the  a 
ture  current  (.impere-conductors  per  inch)  be  not  too  great, 
that  the  pole  cores  be  not  too  highly  saturated  when  exdtec 
no  load. 


before  uiniiblina  to  guard  agairut  the  ctyltaliting  ellect  d[  Ihe  puncbing.  Tht  irmalure 
coil*  ire  form  wound  and  irrtulated  before  beinii  plaird  in  the  «!ot.  There  La  slto  iloi 
ioiuUlion  which  i>  put  in  the  ilnl  previous  to  insertina  the  coil.  When  the  winding  i»  com- 
pleted, it  i»  tested  with  ■  pre«mire  of*  tii  10  times  the  normal  voltsgoof  the  machine.  The 
bearings  are  self-aiigntng.  The  machine  is  normally  designed  to  oijerate  at  a  power  factor 
of  sppronimalely  70  J«  cent.,  whichtneans  that  at  that  power  (actor,  the  amialuie  an^ 

with  fnlV  loadT'lf  til  . 
wil]  mn  hotter  than  tbi 
baimf  ul  besting  does  tu 


The  general  character  of  the  stray  field  between  adjacent  poles 
shown  in  fii^s.  f,427  and  1,428  for  straight  poles  and  thoM 
nng  shoes 
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Field  Excitation  of  Alternators.— The  fields  of  alternators 
reqiaire  a  separate  source  of  direct  current  for  their  excitation, 
and  this  current  should  be  preferably  automatically  controlled. 
In  the  case  of  alternators  that  are  not  self  exciting,  the  dynamo 
which  generates  the  field  current  is  called  the  exciter. 

The  excitation  ot  an  alternator  at  its  rated  overload  and  .8  power 
factor  vould  not,  in  some  c&ses,  if  controlled  by  hand,  exceed  125  volts, 
although,  in  order  to  moke  its  armature  voltage  respond  quickly  to 
changes  in  the  load  and  speed,  the  excitation  of  its  fields  may  at  times  be 
momentarily  varied  by  an  automatic  regulator  between  tha  limits  of  70 
and  140  volts. 


re  for  aetf-eiciud  ajtenutor.  The  nulo  wtndins  I>  plurd 
coil  beiint  turroundsl  by  mn  imuur  of  horn  fitm.  Tie 
nul!  porlioa  of  ths  alot,  h^ng  pUced  on  top  ot  the  mm, 
minuCatoT  immediMel)'  in  fraot  of  the  cm  aod  betwvn 


The  exciter  should,  in  turn,  respond  at  Qtiaa  to  this  demand  upon  iu 
armature,  and  experience  has  shown  that  to  do  this  its  shunt  fidds 
must  have  sufficient  margin  at  full  load  to  deliver  momentarily  a 
range  from  25  to  160  volts  at  its  armature  terminals. 

It  is  obvious  from  the  above  that  an  exciter  suitable  for  use  with  ao 
automatic  regulator  must  commutate  successfully  over  a  wide  range  in 
voltage,  and,  if  properly  designed,  have  liberal  margins  in  its  shunt 
fields  and  magnetic  circuits. 

Alternator  fields  designed  for  and  operated  at  unity  power  factor 
have  often  proved  unsatisfactory  when  the  machines  were  called  upon 
to  deliver  their  rated  kva.  at  .8  power  factor  or  lower.  This  is  due  to 
the  increased  field  current  required  at  the  latter  condition  and  results, 
first,  in  the  overheating  of  the  fields  and,  secbnd,  in  the  necessity  oi 
raisinf!  the  direct  current  exciting  voltage  above  126  volts,  which  (ma 
requires  the  purchase  of  new  exatera. 
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Ques.    What  is  a  self-excited  alternator? 

Ans,     One  whose   armature  has,   in   addition  to  the  main 

winding,  another  wtiding  connected  to  a  commutator  for  fur- 

l  direct  field  exciting  current,  as  shown  in  fig.  1,430. 


Fig.  I,i31. — Fnunc.  bed  ptite  uid  aniutuie  wiadlos  for  WntincboiiM  bracket  btmring  P0I7- 
phue  attenutor, 

Ques.    How  is  a  direct  connected  exciter  arranged? 

Ans.  The  exciter  arroature  is  mounted  on  the  shaft  of  the 
alternator  close  to  the  spider  hub,  or  in  some  cases  at  a  distance 
sufficient  to  permit  a  pedestal  and  bearing  to  be  mounted  be- 
tween the  exciter  and  hub.  In  other  designs  the  exciter  is 
placed  between  the  heaxiag  and  hub. 
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Pigs.  1,432  and  1,433  are  examples  of  direct  connected  esdter  alter- 
nators, in  fig.  1,432  the  exciter  being  placed  betneen  the  SeM  hub 
and  bearing,  and  in  fig.  1,433,  beyond  the  bearing. 

Ques.    What  is  the  advantage  of  a  direct  connected 
exciter? 

Ans.     Economy  of  space. 


Pic  1.M2.— Gernrnl  Electric  alwmator   with  Arrecl   connected    exciter  raounled  on  ihdr 
between  field  hub  and  bearinK.      In  the  inulkr  iiies.  the  nugnEt  dune  is  bolted  to  the 

Ques.    What  is  the  disadvantage  of  a  direct  connected 
exciter} 

Ans.     It  must  run  at  the  same  speed  as  Vhe  a-WemaXoi ,  -v^iOtv 
vaTower  than  desirable,  hence  the  exdtet  mMSt.\»\M%et  \ac 
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given  output  than  the  gear  driven  type,  because  the  latter  can  be 
run  at  high  speed  and  accordingly  be  made  proportionally 
smaller. 

Ques.  What  form  of  gear  Is  generally  used  on  gear 
driven  exciters? 

Ans.     Belt  gear. 


!Q.  1 ,433.— Fort  WsTiie  oltenulor  with  direct 
U  neb  diituce  u  to  pennit  >  pcd««ta1  ~  - 
uid  revolvina  field.    In  the  vinr.  the  be> 
pcdcBtkl  bang  vtaiblc 


beuioB  li  hidden  by  the  eidtsTi  ocdy  the  toi4  el  the 


Ques.    What  are  the  advantages  of  gear  diivoQ  ex- 
citers? 

Ans.    Being  geared  to  run  at  high  speed,  they  are  TTtftT 
and  therefore  less  costly  than  direct  connected  esLcA^t^.  'Vft^HVi^ 
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plants  containing  a  number  of  alternators  one  exciter  may  be 
used  having  sufficient  capacity  to  excite  all  the  alternators,  and 
which  can  be  located  at  any  convenient  place. 
Ques.    What  Is  the  disadvantage  of  gear  driven  exdten? 

Ans.     The  space  occupied  by  the  gear. 


In  the  case  of  a  chiiin  drive  very  little  space  is  required,  but  for  belts, 
the  drive  generally  used,  there  must  be  considerable  distance  between 
centers  for  satisfactory  transmission. 

Slow  Speed  Alternators. — By  slow  speed  is  here  understood 

relatively  slow  speed,  such  as  the  usual  speeds  of  reciprocating 
engines.  A  slow  speed  alternator  is  one  designed  to  run  at  a 
speed  slow  enough  tliat  it  may  be  direct  connected  to  an  engine. 
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Such  alternators  are  of  the  revolving  field  type  and  a  little  con- 
sideration will  show  that  they  must  have  a  multiplicity  of  field 
magnets  to  attain  the  required  frequency, 

In  order  that  there  be  room  for  the  magnets,  the  machine 
evidently  must  be  of  large  size,  especially  for  high  frequency. 


EXAMPLE.— How  n 

alternator  direct  c 

minute,  for  a  frequency  of  60^ 

An  engine  running  240  revolutions  per  minute  will  turn 

240  +  60—4  revolutions  per  tecond. 
A  frequency  of  60  requires 

60  +  4  —  IS  cycles  per  phase  per  revoIutioOjQi 
15  X  2  -  SO  poica  per  Dbaab. 
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Hence  for  s  two  phase  alternator  the  total  number  of  poles  required  is 
30X2  =6a 
It  is  thufl  seen  that  a  conaderable  laigth  of  spider  rim  is  required  to 
attach  tbe  numerous  poles,  the  exact  size  depending  upon  their  dimen^ 

-■  ■  IS  and  clearance. 


Bpe«d  engines.    The  ultcmatur  is  styled  slow  Hpevd  olthou^'i  L.uiiim-i 

cnginr.  becauM  what  is  conadifid  higb  engine  spetd  ii  sluw  speed  for  ■  . 

The  alternators  hBve  direct  connected  ewilers  which  arc  plainijr  Bern  in  Che  iUiwtntion 
piKidan  an  eitEnsiiin  af  bearinK  pedestgl.  Direct  connected  exciters  on  uniu  of  tUi  liiml 
do  ClOt.  as  ft  rule,  assume  loo  bmty  prop — "■" —  ^--~- *  ■!--  i-— i- ;-- ■■ 


Fly  Wheel  Alternators. — The  diameter  of  the  revolving 
fields  on  direct  connected  alternators  of  very  large  sizes  becomes 
so  great  that  considerable  fly  wheel  effect  is  obtained,  although 
tie  revolutions  be  low.    By  giving  liberal  thickness  to  the  rim 
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the  spider,  the  rotor  then  answers  the  purpose  of  a  fly  wheel, 
nee  no  separate  fly  wheel  is  required.  In  fact,  the  revolving 
-•ment  resembles  very  closely  an  ordinary  fly  wheel  with  magi 
^ts  mounted  on  its  rim,  as  illustrated  in  flg.  1,437. 


^  1.4S7.— Gcnent  Electric  4S  pole  T.V)  Vw.,  thm  phase  Rv  vhect  type  «tteiTultor.    It  nini 
At  s  speed  of  l.'W  reTolutioni  per  minute,  givintr  a  frequency'  of  OU  cycles  per  occond  And 


dMrly  ihown  in  the  nffiua.  The  field  maangti  Are  m* 
Blder,  which  raemble*  venr  doady  a  9v  wheaL  and  « 
i^T^riiHl  ■ttnatv  " 


Id  frindin,  ■ 
the  rim  ol  tl 
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Hl^  Speed  Alternators. — Since  alternators  may  be  run  at 
speeds  far  in  excess  of  desiiable  engine  speeds,  it  mu^t  be  evident 
that  both  size  and  cost  may  be  reduced  by  designing  them 
for  high  speed  operation. 

Since  the  desired  velocity  ratio  or  multiplication  of  speed  is 
so  easily  obtained  by  belt  drive,  that  form  of  transmission  is 
generally  used  for  high  speed  alternators,  the  chief  objection 


being  the  space  required.  Accordingly  where  economy  of  space 
is  not  of  prime  importance,  a  hij^h  speed  alternator  is  usually 
installed,  except  in  the  large  sizes  where  the  conditions  naturally 
suggest  a  direct  connected  unit. 

Anwampleof  highspeed  alternator  is  shown  in  fig.  1,438.  Machines 
of  this  class  run  at  speeds  of  1,200  to  1,800  or  more,  according  to  site. 

No  one  would  think  of  connecting  an  alternator  running  at  any  such 
Speed  direct  to  an  engine,  the  necessary  speed  reduction  proper  for 
eagine  opemtioo  being  ea^y  obtained  by  means  c£  a  belt  dnve. 
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No  one  ncwld  think  of  connecting  an  alternator  running  a.t  Euch 
speeds  direct  to  an  engine,  the  necessary  speed  reduction  proper  for 
^iginc  operation  being  easily  obtained  by  means  of  a  belt  dnve. 

Water  Wheel  Alternators  — In  order  to  meet  most  success- 
fully the  requirements  of  the  modem  hydro-electnc  plant  the 
alternators  must  combuie  those  characteristics  w  h  ch  result  in 
high  electrical  efficiency  with  a  mechanical  strength  of  the 
moving  elements  which  will  insure  umntemipted  service    and 


Pic.  1.439.— Mill  ChalmcnfiOOaitva    ISORPMeeOOvo     SOeye  3  phue  boriKnWl 


direct  connection  to  wftKr  whee       OwiriB    o    he  wido  range  m  ou  pu    < 


lyim  of  wheel!  uml.  mnd  01 

tec  ol  tbs  Ting  O^Dg  type  mth  largs  oil  reservoirs 

an  ample  factor  of  safety  when  operating  at  the  relatively  high 
speeds  often  used  with  this  cl^s  of  machine. 

When  selecting  an  alternator  for  water  wheel  operation  a 
careful  analyais  of  the  details  of  construction  K>icnA&.\^  -na&fem 

J 
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order  to  determme  the  relative  values  which  have  been  assigned 

by  the  designers  to  the  properties  of  the  various  materials  used. 
Such  analysis  will  permit  the  selection  of  a  type  of  machine  best 
adapted  to  the  intended  service  and  which  possesses  the  required 
characteristics  of  safety,  durability  and  efficiency. 


The  large  use  of  electric  power  transmitted  by  means  of  high 
pressure  alternating  current  has  led  to  the  development  of  a  large 
number  of  water  powers  and  created  a  corresponding  demand 
for  alternators  suitable  for  direct  connection  to  water  wheels. 

Ques.    Name  two  forms  of  water  wheel  alternator. 

Ans.     Horizontal  and  vertical. 


Ques.    How  should  the  rotor  be  designed  ? 

Ans.    It  should  be  of  very  substantial  construction. 
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Ques.    Why? 

Ans.     Because  water  wheel  alternators  are  frequently  required 
3  operate  safely  at  speeds  considerably  in  excess  of  nomml. 


volvii 


only  a1 


.uc  ..:..»  built  up  ol 

Bimlvtoroufilher. _ 

The  field  polo  in  kininaUd,  b 


HtM  for  <i»ter  wti«l  ftlterai 

ing  part  be  designed  to  h*ve  &  li 
g  Bpeed,  but  aEw  iLl  8T»eed5  much 


p  □[  ItMl  iM 


In  this  type  ot  altdr>    - 
"*"^"al  factor  of  SBfe^ 

ti  penphtTst  Bpeed» 


Ctw  excfptionft  the  pole*  *n  Attached 
lloU.  SleelUpereill(e)r»»redrivenii 
become  loons.  All  field  coil*,  except 
•OBod  copper  Rrip.    Tbii  «y1a  of  o 

tlia  pnaBin  on  ttw  idwlatian,  due  ts  _ 

oo  roQftd  w'm  will  not  itjuid.    CurfEnt  ia  led  . 

the  number  ot  bnubee  being  tucti  that  the  curmt  deniity  i 

whhio  oomervitive  Imiit*.    At  Init  two  bniihcs  per  ring 


lonieaidfi  tbe  dovetaili,  lu 
a  few  of  the 

ifu^Bl  for« 


mittiu 


ii^ 


HAWKINS  ELECTRICITY 


Ques.  What 
special  provi- 
sion is  made  for 
cooling  the 
hearings? 

Ans.  They  are 
m  Eoine  casts 
water  cooled. 

Turbine 
Driven  Alterna- 
tors.— Although  ; 
the  principle  of 
operation  of  the 
steam  turbine 
and  that  of  the 
reciprocating  en- 
gine are  decidedly 
unlike,  the  prin- 
ciple of  operation 
of  the  high  speed 
turbine  driven  al- 
ternator does  not 
differ  from  that 
of  generators  de- 
signed for  bein^ 
driven  by  other 
types  of  engine 
or  by  water 
wheels.  There 
are,  therefore, 
with  the  turlsne 
driven  alternator 
no  new  ideas  lor 


«M-  a  ■»  w    ji. 
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the  operator   who   is   familiar   with   the  older  forms  to  ac- 
quire. 

It  must  be  obvious  that  the  proportions  of  such  extra  high 
speed  machines  must  be  very  different  from  those  permissible 
in  generators  of  much  slower  speeds. 

Ques.  How  does  a  turbine  rotor  differ  from  the  ordi- 
nary construction  ? 

Ans.     It  is  made  very  small  in  diameter  and  unusually  long. 

Ques.    Why? 

Ans.     To  reduce  vibration  and  centrifugal  stresses 

Ques.  What  are  the  two  classes  of  turbine  driven 
alternators? 

Ans.     They  are  classed  as  vertical  or  horizontal. 

Ques.    How  do  they  compare? 

Ans.  The  vertical  type  requires  less  floor  space  than  the 
horizontal  design,  and  while  a  step  bearing  is  necessary  to  carry 
the  weight  of  the  moving  element,  there  is  very  little  friction 
in  the  main  bearings. 

The  horizontal  machine,  while  it  occupies  more  space,  does  not 
require  a  step  bearing. 

Ques.    Describe  a  step  bearing. 

Ans.  It  consists  of  two  cylindrical  cast  iron  plates  bearing 
upon  each  other  and  ha\nng  a  central  recess  between  them  into 
which  lubricating  oil  is  forced  under  considerable  pressure  by 
a  steam  or  electrically  driven  pump,  the  oil  passing  up  from 
beneath. 

Ques.  What  auxiliary  Is  generally  used  In  connection 
with  a  step  bearing? 

Ans.    A  weighted  accumulator  is   flomrtiineft  VnstalidH^  Vq 
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onectiQn  with  the  oil  pipe  as  a  convenient  device  for  govem- 
g  the  step  bearing  pumps,  and  also  as  a  safety  device  in  case 
B  pumps  fail. 


AltHiuiton  of  Exceptional  Character. — ^There  are  a  few  lypes 
of  altemator  less  frequently  encountered  than  those  ah-eady  descnbed. 
The  cnwrnitiafa  of  such  machines  are  here  briefly  given. 

Aqrnchnmous  Alternators. — In  these  machines,  the  rotating 
magnety  which,  with  definite  poles,  is  replaced  by  a  rotor  having  closed 
cucuits.  In  general  construction,  they  are  similar  to  asynchronous 
hidiictioa  motors  having  short  circuited  rotors;  for  these  alternators, 
when  operating  as  motors,  run  at  a  speed  slightly  below  synchronism 
and  act  as  generators  when  the  s^^ced  is  increased  above  tiiat  of  syn« 
duomism.  Machines  of  this  class  arc  not  self -exciting,  but  require  an 
alternating  or  polyphase  current  previously  supplied  to  the  mains  to 
which  the  stationary  armature  is  connected. 

Asynchronous  alternators  may  be  advantageously  used  in  central 
stations  that  may  be  required  to  sustain  a  very  sudden  increase  of  load. 
In  such  cases,  one  or  more  asynchronous  machines  might  be  kept  in 
operation  as  a  non-loaded  motor  at  a  speed  just  below  synchronism 
until  its  output  as  a  generator  is  required;  when  by  merely  increasing 
the  speed  of  the  engine  it  will  be  made  to  act  as  a  generator,  thus  avoid- 
ing the  delays  usually  occurring  before  switching  in  a  new  altemator. 

Image  Current  Alternators. — ^When  the  generated  frequency  of 
alternators  eiccited  by  low  frequency  currents  is  either  the  sum  or  the 
dififereiice  of  the  exatation  and  rotation  frequencies,  any  load  current 
flowing  through  the  armature  of  the  machine  is  exactly  reproduced  in 
its  field  circuit.  These  reproduced  currents  arc  characteristic  of  all 
types  of  asynchronous  machines,  and  are  called  "image  currents,"  as 
they  are  actually  the  reflection  from  the  load  currents  delivered  by  the 
armature  circuit. 

As  the  exciter  of  a  machine  of  this  type  carries  ** image  currents" 
proportional  to  the  generated  currents,  its  size  must  be  proportional  to 
the  capacity  of  the  machine  multiplied  by  the  ratio  of  the  excitation 
and  generated  frequencies;  therefore,  in  the  a^mmercial  machines,  the 
excitation  frequency  is  reduced  to  the  minimum  value  possible;  from 
two  to  five  cycles  per  second  being  suitable  for  convenient  employment. 

These  machines  as  heretofore  constructed  are  not  sclf-excitine,  but 
as  the  principle  of  ima^e  current  enables  the  construction  o!  self- 
egciting  alternators,  it  will  be  of  advantage  to  have  a  general  under- 
standing ci  the  separately  excited  machine  under  d^etcen^  copiB^^toBa 
of  excitatioo* 
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Pic.  144ft.  — Diaip-am  of  mn-t-int  nrrjsure  image  current  aUernatnr  connections.     The  ibmI* 

or  reproduced  currents  ar«  rharactcristic  of  all  types  of  asynchronous  machines,  and  «* 

railed  image  currents  because  they  arc  actually  the  reflection  from  the  load  currcats  d^ 

hvered  by  the  armature  circuit.     The  principle  of  operation  is  explained  in  the 
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When  the  generated  frequency  of  the  machine  is  equal  to  the  difference 
of  the  excitation  and  rotation  frequencies,  the  magnetization  of  the 
machine  is  higher  under  a  non-inductive  load  than  under  no  load.  This 
is  principally  due  to  the  ohmic  resistance  of  the  field  circuit,  which 
prevents  the  image  current  from  entirely  neutralizing  the  magneto- 
motive force  of  the  armature  current.  In  other  words,  tne  result  of  the 
ma^etomotive  force  of  the  armature  and  image  currents  not  only  tends 
to  mcrease  the  no  load  ma^etization  of  the  machine  at  non-inductive 
load,  but  depresses  the  onginal  magnetization  at  inductive  load,  so 
that  the  tenninal  voltage  of  the  machine  increases  with  non-inductive 
load,  and  decreases  with  inductive  load. 

Again,  the  generated  frec}uency  is  equal  to  the  stun  of  the  excita- 
tion and  rotation  frequencies,  the  resistance  of  the  field  circuit  reacts 
positively;  that  is,  it  tends  to  decrease  the  magnetization,  and  con- 
sequently the  terminal  voltage  of  the  machine  at  both  inductive  and 
non-inductive  loads. 

In  the  constant  pressure  machine,  the  two  effects  are  combined  and 
opposed  to  one  another. 

The  connections  of  two  alternators  with  diphase  excitation  are  shown 
by  fig.  1,446. 


Extra  Hi^  Frequency  Alternators. — Alternators  generating  cur- 
rents having  a  frequency  up  to  10,000  or  1 5,000  cycles  per  second  have 
been  proposed  several  times  for  special  purposes,  such  as  high  frequency 
expermients,  etc.  In  1902  Nikola  Tesla  proposed  some  forms  ot  alter- 
nators having  a  large  number  of  small  poles,  which  would  generate 
currents  up  to  a  frequency  of  15,000  cycles  per  second. 

Later,  the  Westinghouse  Company  constructed  an  experimental 
machine  of  the  inductor  alternator  type  for  generating  currents 
having  a  frequency  of  10,000  cycles  per  second.  This  machine  was 
designed  by  Samms.  It  had  200  polar  projections  with  a  pole  pitch 
of  only  0.25  inch,  and  a  peripheral  speed  of  25,000  feet  per  minute. 
The  armature  core  was  built  up  of  steel  ribbon  2  inches  wide  and  3  mils 
thick.  The  armature  had  400  slots  with  one  wire  per  slot,  and  a  bore  of 
idDout  25  inches.  The  air  gap  was  only  0.03125  inch.  On  constant  ex- 
citation the  voltage  dropp^  trom  150  volts  at  no-load  to  123  volts  with 
an  output  of  8  amperes. 


Self -Exciting  Ima^e  Current  Alternators. — ^The  t3rpe  of  machine 
described  in  the  preceding  paragraph  can  be  made  self -exciting  by 
connecting  each  pair  of  brushes,  which  collect  the  current  from  the 
armature,  with  a  field  coil  so  located  that  the  flux  it  produces  will  be 
displaced  by  a  pre-determined  angle  depending  on  the  number  oC  ^ba^^ 
required,  as  shown  by  fig.  1,447.  The  direction  ol  tVve  te!sA>:^  xsam;- 
tn^ismci  the  macbiae  18  ojown  by  the  arrows  A,  ^ 
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When  the  armature  is  rotated,  a  pressure  will  be  generated  between 
the  brushes  2  and  4,  and  a  current  will  flow  from  Cthrough  the  coils 
XX  to  B,  producing  a  flux  through  the  annature  at  right  angles  to  the 
residual  magnetism  and  establishing  a  resultant  magnetic  field  between 
D,B,and  D,  C.  This  field  will  generate  a  pressure  between  the  brushes 
1  and  3,  and  a  current  will  flow  D  throi^h  XX  to  E  in  such  a  direction 
that  it  will  at  first  be  opposed  to  the  residual  mognetisro,  and  afterward 
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reverse  the  direction  of  the  latter.  At  the  moment  the  residual  magnet- 
ism becomes  zero,  the  only  magnetism  left  in  the  machine  will  be  due 
to  the  currents  from  the  brushes  2  and  4,  and  their  field  combining  with 
the  vertical  reversed  field  will  produce  a  resultant  polar  line  between 
B  and  E.  As  these  operations  are  cyclic,  they  will  recur  at  periodic 
intervals,  and  the  phenomena  will  become  continuous.  The  negative 
field  thus  set  up  in  the  air  gap  of  the  machine  will  cut  the  conductors 
of  the  stator  and  will  be  cut  by  the  conductors  of  the  rotor  in  such  a 
manner  that  the  electromotive  forces  generated  between  the  brushes 
of  the  armature  will  be  equal  and  opposite  to  those  between  the  terminals 
of  the  stator. 
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CHAPTER  L 

CONSTRUCTION  OF  ALTERNATORS 


The  construction  of  alternators  follows  much  the  same  lines 
as  dynamos,  especially  in  the  case  of  machines  of  the  revolving 
armattire  type.  Usually,  however,  more  poles  are  provided  than 
on  direct  current  machines,  in  order  to  obtain  the  required  fre- 
quency without  being  driven  at  excessive  speed. 

The  essential  parts  of  an  alternator  are: 

1.  Field  magnets; 

2.  Armature; 

3.  Collector  rings; 

and  in  actual  construction,  in  order  that  these  necessary  parts 
may  be  retained  in  proper  co-relation,  and  the  machine  operate 
properly  there  must  also  be  included: 

4.  Frame; 

5.  Bed  plate; 

6.  Pulley. 

Field  Ma^ets. — The  early  forms  of  alternator  were  built 
with  permanently  magnetized  steel  magnets,  but  these  were 
later  discarded  for  electro-magnets. 

Alternators  are  built  with  three  kinds  of  electro-magnets, 
classed  according  to  the  manner  in  which  they  are  excited,  the 
machines  being  known  as* 
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1.  Self-excited; 

2.  Separately  excited; 

3.  Cmnpositely  excited. 

Oiws.    What  to  a  self-excited  alternator? 

Ans.  One  in  which  the  field  magnets  are  excited  by  ciurent 
from  (me  or  more  of  the  armature  coils,  or  from  a  separate  winding 
(small  in  comparison  with  the  main  winding),  the  current  being 
tnnflfonned  into  .direct  current  by  passing  it  through  a  com- 
mutator. 


^j»mm 


K.  UiSB.— Port  Warne  »nii*tun  lor  jrU-eiciied  »ltern*tor,      Thtre  are  two  independrnt 
wtodivi,  OM  for  the-oum  cucrenl.  and  one  for  the  eicitir^  nirrcnl.    The  winding  [or 

bmmm  ths  collector  ringt  ud  the  con.    It  li  of  iiandKid  conaimctiun  viih  end  clsmpi 
'—'■*-[  tha  ban  io  jAvx  on  the  innilaUd  mnunulator  drum.    The  BrmKiurc  caiJs  an 

pnffwit  hnlcieaia  and  eddy  current  loaaea.    Ventilated  openinE^  ore  provided  to  allow  a 
Iwa^dreBhlton  of  air  both  around  the  endj  □(  the  windinos  and  through  ducla  in  the 

ft  li  kerad'to  tha  shaft.   TlieK  flanges  have  cylindrical  exiensicni  with  ribbed  suriace). 


Pig.  1,453  shows  an  armature  of  a  self-excited  machine,  the  exctUng 
current  being  generated  in  a  separate  winding  and  passed  through  a 
commutator. 


Ques.    For  what  class  of  service  are  self-ezcitlnft  alter- 
nators used? 
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Ans,  They  are  employed  in  small  power  plants  and  isolated 
ightii^  plants  where  inductive  loads  are  encountered, 

Ques.    What  is  a  separately  excited  alternator? 

Ans.  One  in  which  the  field  magnets  are  excited  from  a  small 
iynamo  independently  driven  or  driven  by  the  alternator  shaft, 
rither  direct  coniiccted  or  by  belt  as  shown  in  fig.  1,455. 


The  field  windinii  Ii  iu[)plMd  vith 


Ques.    What  Is  a  composltely  excited  alternator? 

Ans.  A  composite  alternator  is  similar  to  a  comoound  wound 
dynamo  in  that  it  has  two  field  windings.  In  addition  to  the 
regular  field  coils  which  carry  the  main  magnetizing  current  from 
the  exciter,  there  is  a  second  winding  upon  two  OT  upoTi.  tf\  cS-^Coa 
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xr.  isubtained.  purl/ from  an  L^^^kzcierfindpartLyfrom  thew^idiiuiof  thealtcmitc- 
lrar.5f'im:«]  iuiu  dirpit  current  by  ihe  reciiiW.  The  connecfiom  tn  M  ihcmi. 
i(]u(thEHrauilun.'Winilmtf  iiiMnriFctcd  to  uneof  thecoUectot  linn;  Iheallutad.  I 
''"ht  part  of  the  m^tini-r.  aa  shinn.  the  nlid  blarli  put  of  (hervctificr  brhil 
rotheothcrcoltKiorrina.  Tto  braihci  bear  on  sdjaccnt  teeth  of  thettciib; 
inified  to  the  comwimtlnB  windirj  cireuLt  bctoh  which  U  >  ahunt.   T!i(" 


and  are  emmified  to  the  comwimtlnB  windirj  circuit  bctoh  wl 
rnnniTtiinii  are  ihinrn  tnoie  rUarly  in  fis-  1.4iiT.     In  opeimtion 

imiiii  I'umnt  Coniiim  trrnn  the  armature  in  nininti'd.  pan  giiine  i 

Tu■f^■^^.^y  t'j  supiiljr  the  vtiUiiw  to  ovrTcome  (hp  armaiurc  impedance.  Thii  ci 
methrid  of  fii-ld  ciLltutifrn  is  vrry  niniilaT  ti  thut  uvd  on  a  compound  wound  i 
As  ith'twrtt  liiath  Kcld  vrindLnj^  encinlc  every  ihjIf.  but  En  vinie  machinee  the 
eumni  trill  Imvmea  tCwpuuit  ciiiiy,  thBCuiienC  Irom  the  udter  Usveniaa  ths  n 
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pole  pieces,  carrying  a  rectified  current  from  the  alternator  which 
strengtheiLi  the  field  to  balance  the  losses  in  the  machine,  and 
also  if  so  desired,  the  losses  on  the  line  as  shown  in  fig.  1 ,456. 
Ques.    What  is  a  magneto? 

Ans.  A  special  form  of  alternator  having  permanent  magnetF 
for  its  field,  and  used  chiefly  to  fumi?h  current  for  yas  cnjdne 
igiution  and  for  telephone  call  bells. 

Details  of  construction  and  operation  arc  shown  i.i  Tigs.  1,458  to  1,461 


u  ■I'wniMW'^ 'iB'^ 


1,194 


BAWKISS  BLECTXICITY 


Fio.  1.458. — Connecticut  magnelQ;    view  showing  perm 

armature.    The  latter  is  geued  lo  a  hand  crank  in  __ 
dulred  ipeed  without  too  rapid  turning  of  the  crank.    Thi> 
generate  current  fur  operation  of  telephone  call  belli. 
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Ques.    What  are  the  two  principal  types  of  Add  nu^et  ? 

Ans.     Stationary  and  revolving. 

Qued.    What  Is  the  usual  construction  of  stationary 
Add  maftnets? 

Ans.     Laminated  pole  pieces  are  used,  each  pole  being  made 
up  oE  a  number  of  steel  stampings  riveted  together  and  bolted  or 


iabjjril  Wtlh  tllE  collar,  fitting  m  a  alDl  jn  the  pok  (a 
nnuilaa  wiiU  in  biioging  the  machine  up  to  lynchi 
onUnirily  Miccks  any  tendncy  toward  hunting  and  da 
two  nf  the  machine  u  an  alumator.    The  main  Rcid  w 

•witeha  on  the  field  (tam*  in  ordet  that  the  field  circ_ _, 

any  danser  that  rnight  uiie  frnm  Induced  voltiEe.     It  is  not  advijauieto  tnioiFDn  aluu 
rated  voltaBe  and  a  compeniator  should,  therefore,  be  provided  to  reduce  the  pressure. 

prefeably  cast  into  the  frame  of  the  machine.    The  field  coils  are 
machine  wound  and  carefully  insulated.     After  winding  they 
are  taped  toprotect  them  from  mechanicaV m\M.i'j .    "E^sJa.  osli.'fi. 
then  dipped  in  an  insulating  compound  aud  al\«r« w^ '^cffi«s^ 
io  Header.  Jt  impervious  to  moisture. 
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Ques.  Describe  the 
construction  of  a  re- 
volving field. 

Ans.  The  entire 
structure  or  rotor  con- 
sists of  a  shaft,  hub  or 
spider,  field  magnets  and 
slip  rings.  The  magnet 
poles  consist  of  lami- 
nated iron  stampings 
clamped  in  place  by 
means  of  through  bolts 
which,  acting  through 
the  agency  of  steel  end 
{dates,  force  the  lami- 
nated stampings  into  a 
uniform,  rigid  mass. 
This  mass  is  magneti- 
cally sub-divided  into  so 
many  small  parts  that 
the  heating  effect  of 
eddy  currents  is  reduced 
toaminimum.  Thecores 
are  mounted  upon  a  hub 
or  spider  either  by  dove- 
tail construction  or  by 
means  of  through  bolts, 
according  to  the  cen- 
trifugal force  which  they 
must  withstand  in  oper- 
ation,either  method  per- 
mitting the  easy  re- 
moval of  any  particular 


Pic.  1.4M.— Wanner    cut    iteel    hub    wHh    doveUII 
ffrooves  Tor  attaching  the  revolving  6eld  magnets. 


Pic.  I.4S5. — Wngner  Umlot.tcd  pel*  piece  witb  horm 
■tamped  In  one  piece.    The  laminallom  u«Yf£& 
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field  pole  if  necessary.  The  field  coils  are  secured  upon  the 
pole  pieces  either  by  horns  in  one  piece  with  the  laminations, 
or  separate  and  bolted.  AH  the  coils  are  connected  in  series, 
cable  leads  connecting  them  to  slip  rings  placed  on  the  shaft. 


?IC.  1,468— Wagner  revolving  field  of  :iOO  kilowall  altcmitor  during  conitructiDn,  Hhi* 
trating  the  method  of  attaehinE  the  field  msKnets  lo  the  hub  by  dovetail  jninta.    Aftei 

Ques.    What  are  slip  rings? 

Ans.    Insulated  rings  mounted  upon  the  alternator  shaft  tc 
receive  direct  current  for  the  revolving  field,  as  distinguished 
from   collector   rings   which   collect   the   alternating   currents 
generated  in  an  alternaioT  of  the  revoWm^  a.m\a.\,\aft  v^-^e. 

In  construction  provision  is  made  lot  a\,lac\vvTva  *ij  ^'Sk*^  '*^* 
/eads.      The  rings  ars  usuaUy  mads  ot  cast  "o^  »^^  *^  '^^'^^ 
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mechanically  upon 
the  shaft,  but  are 
insulated  from  it 
and   from   one    an- 

The  current  is  in- 
troduced by  means 
of  brushes  as  with  a 
commutator.  Car- 
bon brushes  are  gen- 
erally used. 

A  good  deagn  of 
slip  ring  shoula  pro- 
vide for  air  circula- 
tion underneath  and 
between  the  rings. 

Ques.  What 
fm  of  spider  Is 
nd  on  large  alter- 
itan? 

Ana.  It  is  prac- 
allythe  same  form 


Pic.  I.4fl7.  — Gen«al  Elcctflc  lield  coil,  allowing  one 
method  of  winding.  In  the  Bcnaller  machine*  the 
wire  ii  wound  on  spool!  which  ub  lUpped  over  the 
polo  pieces,  which  are  built  of  aheot  iron,  spreading  at 
the  pole  face  lo  as  to  secure  not  only  a  wide  polar  arc 
for  the  proper  dirtribulion  of  the  magnetic  Sui.  but 
also  to  hold  the  field  windlog*  la  place. 


as  a  fly  wheel,  con- 
sisting of  hub,  spokes, 
and  rim  to  which  the 
magnets   are   bolted. 


1.468.— General   Electru 

..d    coil    ihawin^    another 
nethod  of  winding.  Ihe  field 


entire  coil  forma  a  i 
of  gieat  solidity  whic 
tadly  nraaradtv  *a: 
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On  alternators  of  the  fly  wheel  type  the  spider  rim  is  made  o£ 
sufficient  weight  to  obtain  full  fly  wheel  effect,  thus  making  a 
separate  fly  wheel  unnecessary. 


Pic  MKL— Rawulvlsg  luld  o(  Fort  Wayne  10  pole  altcmitor.  In  conitmction.  the  com 
W  tha  Sdd  polM  tit  built  up  Irom  punchinKt  of  lAminaCed  ilecl,  and  uKmbled  under 
BDartd»r«bl»  ptevan  bctwHn  m>1lt>ble  iron  or  iIkI  end  pUies  and  riveted  togctber. 

X.  Atter  the  wire  is  in  place,  tbe  compLetedpoles  ace  baked  to  expel 
V  Ihen  treated  with  insulating  vamisb.  They  art  tben  usemblcd 
r,  being  held  in  place  by  dovetail  jointi  made  light  by  the  use  of 
re  finally  faatened  in  place  over  (he  duve  taili  Effectually 
, ,.^  -_ e  field  ifl  completed  by  the  insertion  o(  the  ahaft  into 

cting  them  to  ilip  hn^ra  placed  on  the  shaft.  Each  slip  ring  ia  providfd 
k  type  tmiah  holder,  nulling  it  posiible  to  clean  bnuhes  while  the  altematut 
by  dmply  r ' ■       '     -       '- 
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Armatures. — In  construction,  armatures  for  alternators  are 
Ithilar  to  those  employed  on  dynamos;  they  are  in  most  cases 
impler  than  direct  current  armatures  due  to  the  smaller  number 
)f  coils,  absence  of  commutator  with  its  multi-connections,  eta 
Alternator  armatures  may  be  classified  in  several  ways: 


1.  With  respect  to  operatioii,  t 


Pig.  1,472. — AIIi>.ClulBien 
bniah  bolder  and  ilip 
riuga.     The  UtUiin 


low  speed  DiachJDO  tEe 
collector  rin^  are  ^lil. 
but  on  the  m»jori^rf 
altemalora  they  are  bl 
on«  piece.  Currcatbla] 
into  the  liocsbrmeui 
of  carbon  bnuhc*.  tbe 
number  of  bnuhs  bt- 
ma  such  that  the  cm- 
rent  density  at  the  nib- 
bina.  contact  fa  kcpi 

limiti.     At  leait  two 

provided,  ao  that  oot 

apectioa  without  Inin. 
nipting    th«    acidnc 

chineidiabraSi&adn 


faltered  ta  the  cap  d 
one  of  tlio  tntiaa  ped- 
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2.  With  respect  to 
the  core,  as 


Ring  utd  dtae  anutais 
are  pncticallr  obiDletc  uid 
acti  not  be  fnitbiT  con- 
Bdend.  A  ring  mnsatore 
hu  tbr  Inhfitnt  dttcct  thil 


pre  fi^htin^  dynvHK*. 
The  iaiga  failed  for  e 


3.  With  respect  to 
the  core  surface,  as 
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D0VETAIL6ROOVES 


Tlie  t«th  HIT  provided  with 

::_:":i':.ffisv 

itiifuflal  force  acting  on  the  i 


SEGMENTAL  CORE  DISCS 
(STAMERED^ 

Pn.  IMO. — ComtnictlOD  of  Iube  lUitioiuiry  umiture;    view  itiawlDe  Kctlon  of  con  and 
bttOB-    Hm  cor*  dittm  ui  in  Begmnita  and  are  attached  to  the  frame  by  dovetail  jointl 
la  ilBini-    Tho  MnCg  *n  (tACKred  In  building  up  the  core,  that  ii.  they  are  ovedktiped 
resH  the  reluctance  ol  the  mapietjc  dtout.    DovM^  Vfa^ 
i)  bolu  vUch,  If  sot  Eanilatad,  u>^\iWu>^i>i*«Ba^Jk«U^ 


L    Tho  Mnta  i 
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thli,  DiojKUnB  meUl  pieces  called  dtitinf  k 


This  defrcl  together  with  the 


rc  Uid  in  the  iloU,  tl 


umvBTsidly  used- 
are  flnt  carefully  . 
iHwiiaiiTij  nutenAl, 


Ques.    What  are  the  advantages  of   slotted  (»re  ar- 
matures? 

Ans,     The  teeth  protect  the  inductors,  retmn  them  in  place 
against  the  electrical  drag  and  centrifugal  force,  and  the  con- 
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struction  permits  a  reduction  of  air  gap  to  a  minimum,  thus  re- 
ducing the  amount  of  copper  required  for  the  field. 

Armature  Windings. — In  general,  the  schemes  for  armature 

windings  for  alternators  are  simpler  than  those  for  direct  current 
machines,  as  in  the  majority  of  cases  the  inductors  are  an  even 
multiple  of  the  number  of  poles,  and  the  groupings  are  usually 
symmetrical  with  respect  to  each  poleor  each  pairof  poles.  Further- 
more, as  a  general  rule,  all  the  inductors  of  any  one  phase  are  in 
senes  with  one  another;  thereiote,  tiieie  Sa  "si-j  "aoa  ocKsiifc  yet 


CONSTRUCTION  OP  ALTERNATORS  1,207 

ise,  and  this  is  as  it  should  be,  since  alternators  are  usually 
;mred  to  generate  high  voltages.  There  general  principles 
ablish  the  rule,  that  in  the  circuit  in  a  single  phase  armature, 
1  in  the  ind'vidual  circuits  in  a  polyphase  armature,  the 


a. — Section  of  Geaeral  Electric  A!t«i 
■  to  timme.  The  latter  is  made  m  I 
M  lyft.    The  boi  tjvm  i 

itjt  altanBCort  -■-    ' 


showing  method  of  dovetf 


apadtjr  altariBCort  the  f  nunc  eastings  are  usually  di 
rb»  ifcaiitoo  (rpe  consits  tJ  twa  side  castings 
rodi  an  act  at  rnilai  into-vals.  The  core  consist 
■lotted  and  aiKDiBledi  they  are  mDuoied  on  the  ii 
^joints  (that  ii">tagBerRl"  ssinGg.  1,480),  each  s 


:eq,  but  Sot  taise 
Blantia)  spacing 


■  ahomiinfica,  1^83  u 


iding  is  never  re-entrant,  but  the  circuits  have  definite  endit^ 
I  beginnings.  In  exceptional  cases,  as  those  of  polyphase 
verters,  re-entrant  circuits  are  employed,  aA&  t^ii^  %£S>alcQS% 
idiqgs   M9  so  constructed    that    a   comm'o.XA-'UA    <:s^^  ^^ 

i 
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connected   to    them    exactly   as   in   direct   current    machines. 
These  armatures  are  usually  of  the  lap  wound  drum  type. 

Alternator  windings  are  usually  described  in  terms  of  the 
number  of  slots  per  phase  per  pole.  For  instance,  if  the  armature 
of  a  20  pole  three  phase  machine  have  300  slots,  it  has  15  slots 


at  ducts  formed  by  suitable  spocina  blocks  inserted  at  intervals  betweM  the  lazniTution^ 
us  shown  here  and  in  ^a.  J  .4S4,  The  armature  coils  are  form  wound  and  deugnpd  bo  thpy 
can  be  lendjly  leplaced  in  case  of  injury.  _  They  are  taped  and  treated  with  an  impreg. 

horn  fibre  and  letaining  wedges  of  wood  are  dovetailed  into  the  ilot  mils. 

per  pole  or  5  slots  per  each  phase  per  pole,  and  will  be  described 
as  a  five  slot  winding.    Therefore,  in  order  to  trace  the  connec- 
tions of  a  winding.it  is  necessaryto  consider  the  number  of  slots 
per  pole  for  any  one  phase-  ononeotXVielQVLCiwii.'iassuinptioos: 
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1,  that  each  slot  holds  one  inductor;  2,  that  there  Ss  one  side 
of  a  coil  in  each  slot ;  and  3 ,  that  one  side  of  a  coil  is  subdivided 
so  as  to  pennit  of  its  distribution  in  two  or  more  adjacent  slots. 

The  voltage  depends  upon  the  number  of  inductors  in  a  slot, 
but  the  breadth  coefficient  and  wave  form  are  influenced  by  the 
number  of  slots  per  pole,  and  not  by  the  number  of  inductors 
within  the  slots. 


..»  .,,_,,  ^.  _„,,,, jmtL    The  figure  shows  a  Bectioa  of  a  Nppoiting  dug  o£  thu  typo 

■od  indickMa  this  method  of  coonFciing  ths  caila  to  it.     In  order  to  adnuc  S  tint  prompt 
T^ilkumoit  of  dauund  nnia,  Buffidmt  space  ii  usuaRv  provided  betwe«n  Hm  altaraator 
boBzinn  to  tHow  ample  movouent  (^  the  aimature  to  permi  t  of  ready  acceqU  bo^^nDiZmffb 
and  Ml  ooib.   When  4iacs  aecantatea  the  uu  of  a  ihor^  Ault.  accoa  \fi  'Aa  wiitiiEl^ 
mar  bv^ad  tvlMDniwinUiw  (B"!*  itf  tlM  coil*  and  lilting  the  u99«i^taMc&'^*r~"~~~ 
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Classification  of  Windings. — ^The  fact  that  alternators  are 
built  in  so  many  different  types,  gives  rise  to  numerous  kinds  of 
armature  winding  to  meet  the  varied  conditions  of  operation. 
In  dividing  these  forms  of  winding  into  distinctive  groups,  they 
may  be  classified,  according  to  several  points  of  view,  as  follows: 

1.  With  respect  to  the  form  of  the  armatiu"e,  as: 

a.  Revolving; 
h.  Stationary. 

2.  With  respect  to  the  mode  of  progression,  as: 

a.  Lap  winding; 
6.  Wave  winding. 

3.  With  respect  to  the  relation  between  number  of  poles 
and  number  of  coils,  as: 

a.  Half  coil  winding; 

b.  Whole  coil  winding. 

4.  With  respect  to  the  number  of  slots,  as: 

a.  Concentrated  or  uni-coil  winding; 
6.  Distributed  or  multi-coil  winding. 

Partially  distributed; 
Fully  distributed. 

5.  With  respect  to  the  form  of  the  inductors,  as: 

a.  Wire  winding; 
h.  Strap  winding; 

c.  Bar  winding. 

6.  With  respect  to  the  number  of  coils  per  phase  per  pole,  as: 

a.  One  slot  winding; 

b.  Two  slot  winding; 

etc 
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7.  With  respect  to  the  kind  o£  current  delivered,  as: 
phase  winding; 


1 ,4»5.— SKtioo  ol  Western  El«tnc  itat 
in  liUce.  and  ventilating  ducts.    The  > 

T^VoV^ti 

re  core  she 

wing  lamlnationi  clamped 

nboddcd  in  the  core  .lots. 

Tnelin 

and  then  carefully  amiealed  to  reduce  hysteresis 

■SS^Si'.-AT,?. 

It^f^il" 

^rd";? 

eventing  the  flow  of  eddy 

nth. 

he  boi  type  constraetioD. 

Thefran 

in  one  piec 

nesDf  the  Urger  size,  are 

split  to  f 

i^lita 

e  innallalion.    Large  ope 

videdinth 

e  box  type  frame,  in  order 

ethe 

ventilation.    The  lumins 

toXafeS^ 

rely  held 
re  firmly 

in  place  in  the  frame  by 

^J^T^ 

d  rirm  and  by  steel  clamping  fa 

ngeis  which 

boiled  to  the  frame.    The 

iled  to  the  f 

■amf.and 

heinnereircumfermeeis 

SottBit 

ve  the  Bindings,    TheaJ 

snmenl  of  Ih 

e  dots  is  i 

wedge.. 

n™ 

filing  is  done  on  the  slots 

so  that  each 

lE.minati„ 

n  is  always  innilaled  from 

tree  circulation  of  cool  air  throuRh 

andarmi 

ndth 

d  the  coils  m  fitted  into 

trough,   which   offer  eicellen 

and  eleo 

lie  protectnn.    The  coila 

i^hdd 

,npl« 

■e  by  suiUble  wedges. 

8.  With  respect  to  the  shape  of  the  coil  ends,  as: 
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In  addition  to  these  several  classes  of  winding,  there  are  a 
number  of  miscellanecms  windings  of  which  the  following  might 
be  mentioned : 

a.  Chain  or  basket  winding; 

b.  Skew  coil  winding ; 

c.  Fed-in  winding; 


1 

1 

;-f  1  ■ 

r 

1 

i 

1" 

1 ' 
'  i'l' 

d.  Imbricated  winding; 

e.  Mummified  winding; 
/.    Spiral  winding; 

g.    Shuttle  winding; 

h.  Creeping  winding; 

/.    Turbine  alternator  winding. 
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Ques.    Define  a  reTOlving  and  a  stationary  wlndlnft. 

Ans.  The  words  are  self-defining;  a  winding  is  said  to  be 
revolving  or  stationary  according  as  the  armature  forms  the 
rotor  or  stater  of  the  machine. 

Ques.  What  Is  the  si^iflcance  of  the  terms  lap  and 
wave  as  applied  to  alternator  windings? 

Ans.  They  have  the  same  meaning  as  they  do  when  applied 
to  dynamo  windings. 


Pic  1.487.-7S«tion 


These  are  described  in  detail  in  Chapter  XVtII.  Briefly  a  lap  winding 
is  one  composed  ol  lap  coils;  a  nave  winding  is  one  whicn  roughly 
resembles  in  its  digram,  a  section  of  waves. 


Half  Coil  and  Whole  Coll  Windings.— The  distinction  as 

to  whether  the  adjacent  sides  of  consecutive  coils  are  placed 
together  under  one  pole  or  whether  they  are  separated  a  distance 
equal  to  the  pole  pitch,  gives  rise  to  what  is  known  as  baU  coil 
and  whole  ocnl  windings. 
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A  half  coil  or  hemitropic  winding  is  one  in  which  the  coils 
in  any  phase  are  situated  opposite  every  other  pole,  that  is,  a 
winding  in  which  there  is  only  one  coil  per  phase  per  pair  of 
poles,  as  in  fig.  1,488. 

A  whole  coil  winding  is  one  in  which  there  is  one  coil  per  phase 
per  pole,  as  in  fig.  1,489,  the  whole  (every  one)  of  the  poles 
being  subtended  by  coils. 


Concentrated  or  Uni-Coil  Winding. — Fig.  1,492  shows 
the  simplest  type  of  single  phase  winding.  It  is  a  one  slot 
winding  and  is  sometimes  called  "monotooth"  or  "uni-coil" 
winding.  The  surface  of  the  annature  is  considered  as  divided 
into  a  series  of  large  teeth,  one  tooth  to  each  pole,  and  each  tooth 
js  tcound  with  one  coil,  of  one  or  more  turns  per  pole.     Since 
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all  the  turns  of  the  coil  are  placed  in  single  slots,  the  winding  if 
called  "concentrated." 
Ques.    What  are  the  features  of  concentrated  whidln^? 

Ans.  Cheap  construction,  maximum  voltage  for  a  given 
number  of  inductors.  Concentrated  windings  have  greater 
armature  reaction  and  inductance  than  other  types  henoQ  the 
terminal  voltage  of  an  alternator  with  concentrated  winfiiis 


— COtlCEHIRATED  WHOLE 

COILWIHWW  MILHIH0IN6 

Figs.  I.4BZ  snil  1.493. — Concentrated  windiius.    A  concentrated  windinR  it  one  in  which  Is 
mnaaXti.te'hA&onXYonetoofh  prr  pha%t  per  poteAhtX  is.  the  number  of  teethequaJn  thenoinbcr 

■lot  as  in  fig.  1.4n2.  In  the  whole  ci,il  vanely.  earh  slot  comaitu  nriahhorinn  ji<1k  cJ 
adjacent  CDifi.  axin  tiR.  1.493.  In  construction.  mrrdKHare  generally  usnTfiTretainirtllic 
half  coiU.  and  vith  whole  coils  ibc  leeth  havo  projecting  horns  for  this  purpose. 

falls  off  more  than  with  distributed  winding  when  the  current 
output  is  increased.  An  alternator,  therefore,  does  not  have  as 
good  regulation  with  concentrated  winding  as  with  distributed 
w  inding. 

Ques.    What  should  be  noted  with  respect  to  concen- 
trated windings? 
An.'.    A  concentrated  winding,  though  S'ving  higher  voltafa 
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than  the  distributed  type  with  no  load,  maygive  a  lower  voltage 
than  the  latter  at  full  load. 

-WEDGE- 


uiachinrA  havjiiB  cfjot 
jathomi  in  Eg.  MfiS. 


windinsl.    'itie  manner  o(  uiembliiie  t) 


Oues.    What  is  the  wave  form  with  a  concentrated 

wfaidii^? 

Ans.  The  pressure  curve  rises  suddenly  in  value  as  the 
armature  slots  pass  under  the  pole  pieces,  and  falls  suddenly  as 
the  armature  slots  recede  from  under  the  pole  pieces. 

,WEDGES 


(^gslrn^ 


I —  LAMANAE 


Pic  1.4WIl— Watla^nua  ^ngk  pbus  ci-. 

■ni  bakeil,  an  tptoA  out  lUgbllf  K>  u  to  post  over  tha  leitlk  uA  Km  <&iHi.U)n*^^'JB 
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Distributed  or  Multi-Coil  Windinfts.— Instead  of  winding 
an  armature  so  it  will  occupy  only  one  slot  per  phase  per  pole, 
it  may  be  spread  out  so  as  to  fill  several  slots  per  phase  per  pole. 
This  arrangement  is  called  a  distributed  winding. 

To  illustrate,  fig.  1,496  represents  a  coil  of  say  fifteen  turns.  This 
could  be  placed  on  an  armature  just  as  it  is,  in  which  case  only  one 
slot  would  be  required  for  each  side,  that  is,  two  in  all.    In  place  of 
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CONCENTRATED  COIL 
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PARTIAUY  DJ4TWBUTED  COIL 


FULLY  DI&TRIBUTtD  COIL 


Pigs.  1,496  to  1,498. — Alternator  coils,  showing  difTercnce  between  the  concentrated,  partially 
distributed,  and  fully  distributed  forms.  Fig.  1.496  shows  a  concentrated  coil  m  which 
all  the  w^ire  is  woiind  in  one  large  coil;  in  the  partially  distributed  type  fig.  1.497,  the 
wire  of  fig.  1,496,  is  wound  in  two  or  more  coils  or  **sections"  connected  as  shown,  leaving 
some  space  inside  not  taken  up  by  the  subdivisions.  In  fig.  1,498  the  wire  of  fig.  1,496  is 
fully  disiribuUd ,  being  wound  in  a  series  of  coils,  so  that  all  the  interior  space  is  taken  up 
by  the  wire,  that  is  to  say,  the  spaces  not  occupied  by  the  wire  (the  teeth  when  placed  on 
the  armature)  are  of  equal  size. 


this  thick  coil,  the  wire  could  be  divided  into  several  coils  of  a  lesser 
number  of  turns  each,  arranged  as  in  fig.  1,497;  it  is  then  said  to  be 
partially  distributed,  or  it  could  be  arranged  as  in  fig.  1,498,  when  it  is 
said  to  be  fully  distributed. 
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A  partiaUy  distributed  winding,  then,  is  one,  as  in  fig.  1,499, 
in  which  the  coil  slots  do  not  occupy  all  the  circumference  of  the 
firmature;  that  is,  the  core  teeth  are  not  continuous. 

A  fully  distributed  winding  is  one  in  which  the  entire  surface 
of  the  core  is  taken  up  with  slots,  as  in  fig.  1.500. 

Oues.  In  a  distributed  coil  what  is  understood  bv  the 
breadth  of  the  coil? 

Ans.  The  distance  between  the  two  outer  sides,  as  B  in  figs. 
1,497  and  1,498. 


idcd  into  two  cofueotrlo 

in  fig.  1.M7.    ThU 

the  winding  of  ad- 

-'—'-rat.  ud  tba 

directloo  u 

Flo.  l.SOO. — Putly  dbtritntrd  winding.  In  thii  type  of  winding  euh  coil  coniliti  of  ■>  nuuiy 
Rtb-coiL,  that  the  winding  occupia  the  entire  Hurfocc  of  the  ivmAture  core;  that  1a»  tfaov 
u«  no  ulcndve  qiicM  unocmpied,  the  ipacing  being  unitonn  u  ibown. 

Ques.    How  far  is  it  advisable  to  spread  distributed 
coils  of  a  single  phase  alternator? 

Ans.    There  is  not  much  advantage  in  Teduoxug  \^\fe  vpSj«c«k 
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breadth  much  below  that  of  the  breadth  of  the  pole  faces,  nor  is 
there  much  advantage  in  making  the  exterior  breadth  greater 
than  the  pole  pitch. 

Undue  spreading  of  distributed  coils  lowers  the  value  of  the  Kapp 
coefficient  (later  explained)  by  reducing  the  breadth  coefficient  and 
makes  necessary  a  larger  number  of  inductors  to  obtain  the  same  voltage. 

The  increase  in  the  number  of  inductors  cau5;cs  more  armature  self- 
induction.  From  this  point  of  view,  i  t  would  be  | . referable  to  concentrate 
the  winding  in  fewer  slots  that  were  closer  together.  This,  however, 
would  accentuate  the  distorting  and  demagnetizing  reactions  of  the 


Fig.  1.501. — Developed  diagram  of  single  phase  concentrated  whole  coil  winding  fn  two  slot 
stamping  for  six  pole  alternator.  If  the  sides  of  adjacent  whole  coils  be  slightly  separated 
by  placing  the  winding  in  a  two  slot  stamping  the  electrical  result  will  not  diflfer  materially 
from  the  monotooih  whole  coil  winding,  but  if  the  winding  be  hemitropic,  as  in  fig.  1,502, 
and  has  coils  of  two  sizes  as  shown,  it  will  he  suitable  for  high  voltages. 


armature.  Accordingly,  between  these  two  disadvantages  a  compromise 
is  made,  as  to  the  extent  of  distributing  the  coils  and  spacing  of  the 
teeth,  the  pro|K)rtions  assigned  being  those  which  experience  shows  best 
suited  to  tlie  conditi(jns  of  operation  for  which  the  machine  is  designed. 


The  Kapp  Coeflficient. — A  volt  or  unit  of  electric  pressure  is 

defined  as  the  pressure  induced  by  the  cutting  of  100,000,000  or 

10^  lines  of  foree  per  second.     In  the  operation  of  an  alternator 

the  maximum   ])r(ssure  generated   may  be  expressed   by   the 

following  equation: 


H  !■■« tU   iHmU,.m.»^S. 
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E       = 
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_t/ZN 
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(1) 


in  which 


/  ■=  frequency; 

Z  s  number  of  inductors  in  series  in  any  one  magnetic  circuit; 
N  =  magnetic  flux,  or  total  number  of  magnetic  lines  in  one  pole  or 
in  one  magnetic  circuit. 

The  maximum  value  of  the  pressure,  as  expressed  in  equation 
(1),  occurs  when  ^  =  90**, 
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Pig.  1.502. — Developed  diagram  of  single  phase  partially  distributed  half  coil  winding  for 
six  pole  alternator  in  two  slot  stamping,  same  as  in  ng.  1.601.  In  this  arrangement  the 
direction  of  rotation  is  not  reversed.  It  is  a  question  as  to  how  far  the  coils  of  a  single- 
phase  armature  may  be  spread  with  advantage.  There  is  not  much  advantage  in  reducing 
the  interior  breadth  of  the  coils  below  that  of  the  ix>le  face,  nor  in  widening  the  exterior 
breadth  beyond  that  of  the  pole  pitch. 


The  virtual  value  of  the  volts  is  equal  to  the  maximtmi  value 
divided  by  V2,  or  multiplied  by  J  V2,  hence, 


„      _  W2Xt/ZN_2.22/ZN 


(2) 


This  is  usually  taken  as  the  fundamental  equation  in  designing 
alternators.    It  is.  hoM^ever,  deduced  on  tVve  a&!S^xccL\^^i^<c^^c^ 
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I.  1,303.— Dcvclopnl  diBgram  of  nngle  phoK  winding  with  [uily  diitiibuled  colli, 
expliined.  eicHsive  (pleading  lowers  tlic  value  of  the  "Kapp  coefHcinit,  uid  cof 
□uenlly  the  voltage;  >1»  the  use  of  a  largrr  number  □(  inductor*  to  obUiSn  the  u 
-    ■      Ln(niTMMDf«rmKiureself;induciion     "      '        ' 


at  ihey  project  beyond  the  >lola,  ft 
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thedistributjonof  the  magnetic  flux  follows  a  nne  law,  and  that  the 
whole  of  the  loops  of  active  inductors  in  the  armature  circuit  acts 
simultaneously,  that  is  to  say,  the  winding  is  concentrated. 

In  practice,  the  coils  are  often  more  or  less  distributed,  that 
is.they  do  not  always  subtend  an  exact  pole  pitch;  moreover,  the 
flux  distribution,  which  depends  on  the  shaping  and  breadth 


view  ihowiiiB  McUoD  ot  frama  ud  two 


of  the  poles,  is  often  quite  different  from  a  sine  distribution. 
Hence,  the  coefficient  2.22  in  equation  (2)  is  often  departed  from, 
and  in  the  general  case  equation  (2)  may  be  written 


.t/ZN 


.<;s» 
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The  effect  of 
breadth  in 
distributed 
windings  is 
illustrated  in 
figs.  1.506  to 
1,508. 
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Wire,  Strap,  and  Bar  Windings. — In  the  constructkni  of 
alternators,  the  windings  may  be  of  either  wire,  strap,  or  bar, 
aixMrding  to  which  is  best  suited  for  the  conditions  to  be  met. 

Ques.  What  conditions  prindpaUy  ftoTun  the  type  of 
inductor? 

Ans.  It  depends  chiefly  upon  the  current  to  be  carried  and 
the  space  in  which  the  inductor  is  to  be  placed. 


ihmlAtod  wire 


Cues.    What  kind  of  inductors  are  used  on  machines 
Intended  for  high  voltage  and  moderate  current? 

Ans.     The  winding  is  composed  of  what  is  called  magnet  wire, 
with  double  or  triple  cotton  insulation. 

Ques.    Where  considerable  cross  section   is  required 
how  la  a  wire  inductor  arranged? 

Ans..     In  order  that  the  coil  may  be  flexible  several  small 
wires  in  multiple  are  used  instead  of  a  angle  laxgo.'traft. 


i,a 
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Ques.    How  Is  the  insulation  arranged  on  inductors 
of  this  khid? 

Ans.    Bare  wire  is  used  for  the  wire^  in  parallel,  iinnilation 
being  wrapped  around  them  as  in  fig.  1,510. 

mpied  by  the  wires,  and  tlw 


Hvdgs  is  pushed  in  place 
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Ques.  What  precaution  Is  taken. in  insulatli^  a  wire 
wound  coll  containing  a  large  number  of  turns? 

Ans,  On  account  of  the  considrrable  difference  o£  pressure 
between  layers,  it  is  necessary  to  insulate  each  layer  of  turns  as 
well  as  the  out^de  of  the  coil,  as  shown  in  fig.  1,513. 


il  contaLninA  &  Urfie  buoiI 
^ _ ^, — .™.j  between  the  Uyen-     In --  «  -     -    , 

abort  cimiiC*  or  brekkdown  of  Ihe  iaiuUtion.  eacb  \a.ya  oi  turni  i>  insulated  froi 
leit  layer  by  tha  luulatlos  alHpi  A,  B,  C.  In  addition  to  the  regu' 
acta  wire.    ATM!  thacnllinudcupitiawoaadiritbiniulatinslape. 


Ques.    Do  distributed  coUp  require  Insulation  between 
the  separate  layers? 

Ans.    Since  they  are  sub-divided  into  several  coils  it\s>siaiasKi. 
between  layer?  is  usuaily  not  necessary. 
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Ques.    How  Is  a  coll  covered? 

Ans.     It  is  wound  with  a  more  or  less  heavy  wrapping  of  tape 
depending  upon  the  voltage. 


Figs.  1,614  snd  l.SlS.-^ingle  and  doubk  layer  muHi 

unchcd  toeeUtt 
is  ihsuLadon 
iafuct  by  wtdgct  diivca  iolo  dovctwVBioQvtb 


il  by  insuliiting  itripi  on  ucwint  of  tht 

»..,„».«  ^^^^^ ,r_ —  _^ This  ihsuladon  ift  oot  neceBAry  la  fifir 

.SIS  where  tbere  arc  tno  unit'  ot  sn  i:al\L'd  Uvcn.    la  both  cMei  tbi  iodaclOf*  •»  hod 
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Ques.    Is  the  insulation  placed  around  the  colls  all 
that  Is  necessary? 

Ans.     The  slots  into  which  the  coils  are  placed,  are  also 
insulated. 


Fig.  t.GIA — Copper  ftrap  or  ribbon  with  iiuulation.     Tliese  vc  (^cnllir  from  A  lo  A 
incli  tbick  with  rounded  edges  oa  shown  to  avoid  cutting  the  ioauIatioD. 


P«.  l,S18.;-8lTle  of  drnutiiTB  cor»  ■tuntrini 
provide  buidi  to  hold  Uia  ban  in  pUce. 


1  the  teeth  [or  w 


Ques.    How  are  bar  windings  sometimes  arranged? 

Ans.    In  two  Uyers,  asm&g.  1,523. 


1.2 
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Single  and  Multi-Slot  Windings.— These  classifications 
correspond  to  concentrated  and  distributed  windings,  previously 
described.  In  usual  modem  practice,  only  two-thirds  of  the 
total  number  of  slots  (assunung  the  spacing  to  be  uniform) 


^Sf.  tMl,mtttr  (rbicta  Itli  (prud 
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of  a  single  phase  armature  are  wound  with  coils.  The  reason 
for  this  may  be  explained  by  aid  of  fig.  1,524,  which  shows  an 
armature  with  six  slots  per  pole,  four  of  which  are  wound. 
OwifiK  to  the  different  positions  of,  say,  coils  A  and  B,  there  will 
be  a  difference  in  phase  between  the  pressure  generated  in  them 
and  consequently  the  resultant  pressure  o£  the  two  coils  joined 
in  scries  wilt  be  less  than  the  sum  of  the  pressure  in  each  coil. 


pTac«l'inlhe>Ji>tiilr<im'thcl 
Strui)|ht  abls  vrv  llkTrfuru  n 
mnd  tie  IkhliIb  oj  ahovra. 


Fig.  1 ,525  shows  the  jiressurc  plotted  out  as  vector  quantities, 
and  the  table  which  follows  ^wi^^  the  relative  effectiveness  of 
windings  with  various  numbers  of  slot  wound  in  series. 

The  figures  in  the  last  column  of  the  taWe  isVon'j  ^^■iX.  ^Na-t.-^ 
t  the  weig/it  of  active  ma\JiTi.a.\  \?.  Tc^-«tft.  "■*-  "^^ 
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inductors  in  a  single  phase  machine  are  to  be  distributed  o\'cr 
more  than  two-thirds  the  pole  pitch.  Again,  if  much  less  than 
two-thirds  of  the  surface  be  wound,  it  is  more  difficult  to  pro\'ide 
a  sine  wave  of  pressure. 


inAuccA  \n  t.^  d&t)*  t^DHB  iimUi<D<l  or  dnuibiiUid 
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TABLE  OF  RELATIVE  EFFECTIVENESS  OF  WINDINGS 


Slots  wound 
in  ■cries 

Pressure  acxxMS 
coils 

Winding 
coefficient 

Quantity  of 

copper  to  produce 

same  presBure 

1 
2 
3 

4 
6 
6 

1 

1.03 

2.73 

3.84 

3.72 

3.86 

1 
.07 
.01 
.84 
.74 
.64 

1 

1.08 

1.10 

1.10 

1.36 

1.66 

Ques.     What   other   advantage   besides   obtahihig   a 
•iiie  wave  is  secured  by  distributing  a  coil  ? 

Ans.    There  is  less  heating  because  of  the  better  ventilation. 


Pic.  1.528. — Developed  dia^tn  of  a  single  phase  monotooth  or  one  slot  bar  winding;  it  it 
suitable  only  for  operation  at  low  voltage. 


Single  Phase  Windii^s. — There  are  various  kinds  of  single 
phase  winding,  such  as,  concentrated,  distributed,  hemitropic, 
etc.  Fig.  1 ,527  shows  the  simple  type  of  single  phase  winding. 
It  is  a  "one  slot"  winding,  that  is,  concentrated  coils  are  used. 

The  armature  has  the  same  number  of  teeth  as  there  are  poles« 
the  concentrated  coils  being  arranged  as  ^07ni«   \Ti  &sa&^EF^°^3L 
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such  a  winding,  the  machine,  for  example,  may  be  required  to 
generate,  say,  3,000  volts,  frequency  45,  revolutions  900  per 
minute. 


each  of  the  six  tcfth  on  the  surface  of  the  armature  will  consists  of  60 
turns.  The  connections  must  he  such  as  to  give  alternate  clockwise 
and  countcr-clockwisfc  winding  proceeding  around  the  armature. 

Ques.    In   what  other   way  could    the   inductors  be 
arrsaged  In  concentrated  colls? 
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ins,     Theycould  be  grouped  in  three  coils  of  120  turns  each, 
shown  in  iig.  1 ,528. 


I  pSaa. — Diagtim  of  lii  pole  nngle  pbaie  alUmator  with  concentfst»d  faaU  eta\ 

.__-_j^ 1 : ;- t_  .  =,,     Ti. e  Bneguml  number  of  ■- 

n  this  winding  tha  dl 


ly  BS  in  fig,  1.527.    There  are  tui  equal  number  oftadnci 


windiDff  ii  BlleniAtely  rcveised  bo  tha^  the  induced  pi 

Oues.  What  Is  the  advantage,  if  any,  of  a  half  coU 
nding? 

\as.  In  single  phase  machines  a  half  coil  winding  is  equiva- 
t,  electrically,  to  a  monotooth  winding,  and,  therefore,  is  not 
any  particular  advantage;  but  in  three  phase  machines,  it  has 
[ecided  advantage,  &^  in  such,  a  concentrated  Winding  >neLd& 
igher  presf  tire  than  a  distributed  vnnffini^. 
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FlO.  1,539.— Two  pbue  eoncoitnted  wbdle  ooU  windlna-      In  thU  Myla  windfall  tb>  tot 
mmber  of  ilots  ia  twice  tlia  aumtwr  of  po]«.  or  odr  uot  per  pda  per  pbaae.    It  qotO|g^ 
twa  w<iii44naa  M*ntlc*l  with  flg.  1.63T,  bcinif  qactd  SO  polar  dqtnM*  wduWD.    Thati 
zulsitt  tho  windlDfla  termuutins  at  toe  ioor  ooUsctor  rfflga* 


Pig.  IJUO. — Two  pbaH  winding  In  two  alou  po  pols  par  Db*«.    Thii  It4inidu  dl 
(A«cD/&o/euhpbueialo  twoKCttou.aa  AandB.    Tba  coda  an  of  tha  *'wbi 

j>a/>fcftApci;wtbetotdsniiilMta(iliirtato4X«-r  —' ■ ^ 
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Two  Phase  Armature  Windings. — This  type  of  winding  can 
be  made  from  any  single  phase  winding  by  providing  another  set 
of  slots  displaced  along  the  surface  of  the  armature  to  the  extent 
of  one-half  the  pole  pitch,  placing  therein  a  duplicate  winding. 

For  instance:  If  the  six  pole  monotooth,  single  phase  winding,  shown 
in  fig.  1,527,  be  thtis  duplicated,  the  result  will  be  the  one  slot  two-phase 


i  E 


Pigs.  1.531  and  1.532. — Developed  diagram  of  the  tingle  phaw  monotooth  winding?  shown 
in  figs.  1.527  and  1,528. 


winding  shown  in. fig.  1,529,  which  will  have  twelve  slots,  and  will  re- 
quire four  slip  rings,  or  two  rings  for  each  phase. 

By  connecting  vp  the  two  windings  m  sedes,  \3hft  toatSKa^a  ^:r^^\3^ 
umaaMA  singfe  phase,  with  an  increase  oi  vo\tag|&  m  ^^  xaXio  oW^^-^^ 
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Fta.  I.S34.— Section  ol  two  phase  winding  showLna  shaping  of  the  ccmI  eodi.  Every  otho 
coilia  Hat  while  the  alternate!  have  t^«ir  cndiiWnx  do«a  u  ihown.  With  reqiect  to  itu 
Mhapine  nt  the  ccbI  ends,  itf  is  called  ft  two  Tai((<  wiadiitt. 
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Oues.    How  must  the  coils  be  a>nstructed  for  two  phase 
windings? 

Ans.     They  must  be  made  of  two  different  shapes,  one  bent 
up  out  of  the  way  of  the  other,  as  in  fig.  1,534. 

There  are  numerous  kinds  of  two  phase  windings;  the  coils  may  be 
concentrated  or  distributed,  half  coil  or  whole  coil,  etc.  Fig.  1,630  wows 
a  two  phase  winding  with  four  slots  per  pole,  and  fig,  1,633  one  witb 
sin  slote  per  pole. 


Fic.  1.S3S.  — Section  of  Triuinph . 


I  ihowisg  matliod  of  amneina  tha  thnephaM  irindin^ 


Three  Phase  Armature  Windings. — On  the  same  general 
principle  applicable  to  two  phase  windings,  a  three  phase  winding 
can  be  made  from  any  single  phase  winding,  b^  ^V&!:^t>%  *Cca«xi 
identical  sio^le phase  wiadmgs  spaced  out  s\icc^£w^^  c^c(osk''Q>^ 
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surface  of  the  armatttre  at  intervals  equal  to  one-third  and  two- 
thirds,  respectively,  of  the  double  pole  pitch,  the  unit  in  terms  of 
which  the  rpacing  is  expressed,  being  that  pitch,  which  corre- 
sponds to  one  whole  period. 


PHASE  A 


Pig.  1.538. — Three  phase,  10  pole.  30  slot  winding  in  two  ranges.  In  this  winding  perfect 
symmetry  occurs  after  every  four  poles.  Accordingly  in  the  case  of  an  odd  number  of 
pairs  of  pole,  one  of  the  coiu  must  necessarily  be  aucew  going  from  the  inner  to  the  outer 
range  as  at  M. 


Each  of  the  three  individual  windings  must  be  concentrated 
into  narrow  belts  so  as  to  leave  sufficient  space  for  the  other 
windings  between  them.  This  limits  the  breadth  or  space 
occupied  by  the  winding  of  any  one  phase  to  one-third  of  the 
pole  pitch. 

PHASE  A 


Pig.  I,fi30. — ^Three  phase  10  pole  30  slot  winding  in  three  ranges.  The  coils  of  each  phase  are 
alike,  those  of  the  A  phase  beins  all  in  the  straight  out  range,  those  in  the  B  phase,  in  a 
bent  up  range,  and  those  in  the  C  phase  in  a  bent  down  range.  This  arrangement  hM  tho 
disadvantage,  that  by  reason  of  the  third  range,  the  field  magnet  cannot  oe  withdrawn. 
This  treatment  of  the  coil  ends  is  more  clearly  shown  in  fig.  1,540. 


Ques.    How  are  three  phase  coil  ends  treated? 

Ans.    They  may  be  arranged  in  two  ranges,  a&  m  ^5L*  V5^^^ 
or  in  three  rai2.^e!S,  as  in  Gg.  1,530. 
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Ques.  What  kind  of  coU  must  be  used  for  three  phase 
whidhigB  In  order  that  the  ends  may  be  arranged  In  only 
two  raiMtee? 

Ans.  Hemitropic  or  half  coils;  that  is,  the  number  of  col 
per  phase  must  be  equal  to  one-half  the  number  of  pole. 


Tbla   enablei    the    t«p  b^    oC  unkUuR   ti 
uiwiadiiig  any  ctaL 
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Grouping  of  Phases. — In  the  preceding  diagrams,  the 
general  arrangement  of  the  coils  on  the  armature  surface  are 
shown  for  the  numerous  classes  of  winding.  In  polyphase 
alternators  the  separate  windings  of  the  various  phases  may 
be  grouped  in  two  ways: 

1.  Star  connection; 

2.  Mesh  connection. 


Ques.    Describe   the   two  phase   star   connection. 

Ans,     In  this  method  of  grouping,  the  middle  points  of  each 

of  the  two  phases  are  united  to  a  common  junction  M,  and  the 


ihiue  windioB  with  wbola  coili.    Tiro  ddet  o(  adiae«it  colU  c«da  V&  «Ht 

:i  coili  per  phiiiB-numberof  jioleswptiMe.   To'A Tamiigi  tfc  to^— X  .• 

aulli(dkdl»' Dumber  of  polapa-pltaae.    Whole  coll  nvun  ^e  ea&A  tmswA^^'^'"* 
iiiiiir  T-i'--'''mf-f     JJue^lamr ~ 
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four  ends  are  brought  out  to  four  terminals  a,  a\  6,  b\  as  shown  in 
fig.  1,544,  or  in  the  case  of  revolving  armatures,  to  four  slip  rings. 


PHASE  A 


PHA&e  B 


Fig.  1.544. — Diagram  of  two  phase  star  grouping. 


Ques.    What  does  this  arrangement  give? 

Ans.     It  is  practically  equivalent  to  a  four  phase  system. 


PHASE  A 


PHASE   5 


FiG.  1,545. — Diagram  of  two  phase  mesh  grouping. 


Ques.    How  is  the  two  phase  mesh  connection  arranged  ? 

Ans.     In  this  style  of  grouping,  \*Vie  \.^o  ^V^as*^  w»  divided 


mvi 
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into  two  parts,  and  the  four  parts  are  connected  up  in  cyclic 
order,  the  end  of  one  to  the  beginning  of  the  next,  so  as  to  form  a 
square,  the  foxu*  comers  of  which  are  connected  to  the  four 
terminals  a,  b,  a\  b\  as  shown  in  fig.  1,545,  or  in  the  case  of 
revolving  armattures,  to  fotu*  slip  rings. 

Ques.    Describe  a  three  phase  star  connection? 

Ans.    In  three  phase  star  grouping,  one  end  of  each  of  the 
three  circuits  is  brought  to  a  common  junction  M,  usually 


Pig.  1.546. — Diagram  of  three  phaae  star  grouping,  commonly  called  Y  grouping  owing  to  its 
resemblance  of  the  letter  Y.  The  current  in  each  main  is  obviously  equal  to  the  current 
in  each  phase  winding,  but  the  terminal  pressure  is  the  vector  sum  of  the  pressures  in  the 
component  phase  windings,  that  is,  V  STmultiplied  by  the  pressure  in  one  phase. 


insulated,  and  the  three  other  ends  are  connected  to  three 
terminals  a,  6,  c,  as  shown  in  fig.  1,546,  or  in  the  case  of  revolving 
armattu-es  to  three  slip  rings. 

Ques.    What  other  name  is  given  to  this  connection, 
and  why? 

Ans.    It  is  commonly  called  a  Y  connection  or  grouping 
owing  to  the  resemblance  of  its  diagrammatic  repre8.ex]ijt»;^^s:s^ 
to  the  letter  Y. 
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Quea.    How  la  a  three  phase  mesh  connection  arranged  ? 

Ans.  The  three  circuits  are  connected  up  together  in  the 
form  of  &  triangle,  the  thiee  comers  are  connected  to  the  three 
terminals,  a,  b,  c,  as  shown  in  fig.  1,549,  or  in  the  case  of  re- 
volving armatures  to  three  slip  rings. 


fOupiB.  common 
3  A-    The  voltage  at 
L  inecnmnttD  each  line  u  equal  tc 
is  njuiil  to  Vs  multiplied  by  the  c 


le  OnOi  le 


d  delta  grouping  o«ln| 
nninalB  u  equal  to  the 


Ques.  What  other  name  Is  given  to  this  style  of  con- 
nection, and  why? 

Ans.  It  is  commonly  called  a  delta  grouping  on  account  of 
the  resemblance  of  its  diagrammatic  representation  to  the  Greek 
letter  A. 
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In  polyphase  working,  it  is  evident  that  by  the  use  of  four  equal 

ind^>eiiaent  windings  on  the  aimature,  connected  to  eight  teimioals  or 
slip  rings,  a  two  phase  alternator  can  be  built  to  supply  currents  rf 
equal  voltage  to  tour  independent  circuits.  Likewi^  by  the  use  of 
three  equal  independent  windings,  connected  to  six  terminals  or  sUp 
rings,  a  three  pliase  alternator  can  be  made  to  supply  three  inde- 
pendent circuits. 

This  is  not  the  usual  method  employed  in  either  case,  however,  ai 
the  star  grouping  or  mesh  grouping  methods  of  connection  not  only 


gives  the  same  results,  but  also,  in  star  grouping,  a  greater  plurality  <J 
voltages  for  the  same  machine,  and  a  higher  voltage  between  its  main 
terminals, 


Radial  diagrams  of  the  arrangement  and  connections  of  Y  gro^ 
o/  lap  windings  and  wave  mndings  for  three  phase  altem^on 
shown  by  Sgs.  1,551  and  1,652, 
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Ques.    In  three  phase  star  grouping,  what  Is  the  point 
where  the  phases  join,  called? 

Ans.     The  star  point. 

Ques.    In  a   three    phase    star  connected   alternator 
what  Is  the  voltage  between  any  two  collector  rings? 

Ans,     /(  is  equal  to  the  voUagi  generated  per  phase  multiplied 


by   V3  or  1.732. 


Ques.    In   a    three   phase   star   connected   altematoc 
what  is  the  value  of  the  current  la  eacVv  Wtwl 
Aas.     The  same  as  the  current  in  each  p\wise  ■w'wi^Kw.t' 
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Ques.  What  is 
the  value  of  the  - 
total  output  in 
watts  of  a  star 
connected  alter- 
nator? 

Ans.  It  is  equal 
to  the  Fum  of  the 
outputs  of  each  of 
the  three  phases. 
When  working  on 
a  non-inductive 
load,  the  total  out- 
put of  a  star  con- 
nected alternator 
is  equal  to  Vs 
inu]ti]>licd  by  the 
pro(hict  of  the  line 
current  and  line 
oltat't-. 

Ques.  What 
IS  the  value  of 
the  line  voltage 
in  a  three  phase 
delta  connected 
alternator? 

Ans.  It  is  equal 
to  the  V  t>  1 1  a  K  c 
HencraLcd  in  each 
phaiie. 
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Qucs.    What  is  llie  value  of  tbt  line  current  in  a  three 
phase  ddta  connected  alternator? 

Ads,     It  is  equal  to  the  cxirrent  in  each  phase  multiplied  by  V 3. 
Ques.    What  is  the  total  outpnt  oi  a  three  phase  ddta 
connecttd  alternator  working  cm  a  non-inductive  load? 

Ans.     The  total  -watts  is  equal  to  v3  multiplied  by  the  prod- 
art  of  the  line  cuirent  and  the  line  voltage. 


nn  IJISi  to  1,557.— Snante  eoOi,  ud  aection  of  AUu-ClialnKn  ■Itanatar  with  Mtb  in 

up  by  the  revDlvinff  field,  can  p&ss  freely  xnd  cvry  off  hut.     Shiddn  wv  pnirid«d  to 
pniUrt  the  mrmmtni ■''- ■'• ■—  > '  •>■ '- "■--  " 


*  they  project  beyond  t\ 


•ting  nuterial  into  all  1 
a  the  coil  rtniduie  fi™ 
liable  iupporti  being  p: 

oake  accidental  coi 


!  srnall  Gpac^n  in  tt 


1  ventilatinii  dnrtit.  A(trr  the  milit  ha>« 
'  h  insuktine  cotnpnand,  the  put* 
■twn  heated  mouldi.    Thit  nui 


Oues.    What  are  the  features  of  the  star  connection  ? 

Ans.  It  gives  a  higher  line  voltage  than  the  delta  connection 
for  the  same  pressure  generated  per  phase,  hence  it  \%  %Auf«j^\SB. 
machines  of  iagh  voltage  and  moderate  cuitei&. 
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The  delta  connection  gives  a.  lower  line  voltage  tlian  the  star  con- 
nection for  the  pressure  generated  per  phase,  and  cuts  down  the  current 
in  the  inductors;  since  the  inductors,  on  this  account,  may  be  reduced  in 
size,  the  delta  connection  is  adapted  to  machines  o£  large  current  output. 


l.SSS.-^  Diaaia.-n  o 

K  wound 

Bltcroator 

E" 

•pokes  of  the  araia 

a  two  phase  roiaiy 

■d'trrh" 

^h^^t^r 

ItVLt: 

•Tn'iZ 

WS 

R'l'.Td^Tl^'B. 

Si," 

of  the  two  phiw; 

thus 

mnsfonner 

iseiciwdby  t. 

i."  fs. 


rt  of'tht'iiiusirition.    If  O  A  he'lhe  effect' 

LTUiuDTmer  by  thv  primaTy  current  of  phase  A,  ana  lt  »  oe  ci 

priman'  cutrent  of  phase  B.  O  C  represent  in  inavnitude  and  pi 

irithmetlcal  sum  of  the  two  componrnti,  since,  to  a  certain  ejl. 
purposes..  However,  if  either  one  of  them  mcrea<e  the  resultant  e 
^□t  in  exact  proportion.  If  tha  load  remabi  balann-d.  the  two 
"^u.il  to  eacb  other,  the  resultant  OC  varies  io  exact  proportior 
/ompoiicnts.  ,  I(  ths  load  be<i>me  unbalanced,  the  resultant  swir 


lehvcred  by  the  secondary  beiiu  intrt- 
Kould  be  smaralely  set  up  by  the  tm 
the  small  diagram  in  the  upper  rigliT 


It  SRmei  lacMn  <A 'Oin  IfMd.  ej 
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Ques.    How  is  the  path  and  value  of  currents  in  a  delta 
connected  armature  determined? 

Ans.    Starting  with  the  inductors  of  one  phase  opposite  the 
middle  of  the  poles,  assume  the  maximum  current  to  be  induced 


AUXILIARY  FIELD 


RECTIFIER 


AQAftAAfl 


SERIES  TRANSFORMER 


J)Q,Q.Q.afliL 


ARMATURE 


OflMm 


COLLECTOR    RINGS 


4k   B    C 

Pig.  1,550. — Dia^n^un  of  Westtnghouse  three  phase  composite  wound  altenuitor.  The  arma- 
ture inductors  are  of  the  closed  coil  or  delta  connected  type,  but  are  tapped  at  three 
points  per  pair  or  poles  to  the  three  collector  r\xM,  All  three  connections  between  the 
armature  coilff  and  the  collector  rings  run  throuip  primary  circuits  of  the  aeries  trans- 
former within  the  armature,  these  three  primanea  each  ^ving  their  own  effect  upon 
the  secondary.  Since  the  resultant  of  three  equal  alternating  electromotive  forces  120* 
apart  is  zero,  so  that  some  special  arrangement  must  be  adopted  to  make  these  electro- 
motive forces  act  with  inst^id  of  against  each  other.  The  arrangement  is  a  reversal 
of  the  connections  of  one  of  the  orimaries  of  the  series  transformer.  This  is  shown  in 
the  ca%  of  the  lowest  primary  indicated  in  the  diagram.  The  combination  of  the  effects 
of  the  three  primaries  is  agam  indicated  in  the  small  vector  diagram  in  the  upper  ri^t 
luuid  comer.  Here  O  A  is  the  effect  of  one  primary.  O  B  that  of  another  H  ofa  period 
di^laced  from  the  former  in  phase,  and  O  C  that  which  the  third  would  exert  were  it 
not  reversed,  but  the  reversal  brings  the  effect  of  this  third  coil  into  the  jrfiase  xelatioa 
O  D,  so  that  the  three  are  only  60*  apart.  The  combination  of  O  A  ana  O  B  is  equal 
to  O  €•  which  combined  again  with  O  D  gives  a  resultant  effect,  O  E.  In  this  case,  as 
in  the  other,  the  effect  upon  the  series  field  does  not  remain  exactly  proportiooal  to  the 
load  unless  the  latter  is  balanced;  in  fact,  an  increased  current  throui^  the  one  leg  rep- 
resented by  O  D,  affects  the  series  field  as  much  as  an  equal  increase  in  each  of  the  other 
legs  put  together.  Practically,  however,  any  increase  of  the  load'-<listribttted  as  it  nraat 
be  in  two  legs  at  least — increases  the  field  excitation  so  that  proper  regulation  is  secured. 


NOTE. — In  the  star  connected  armature  the  proper  ends  to  connect  to  the  oommoa  ter- 
minal or  star  point  are  determined  as  follows:     Assume  that  the  inductor  opposite  the 
middle  of  a  pole  ia  carrying  the  maximum  current,  and  mxu-k  its  direction  by  an  arrow.    Then 
the  current  m  the  inductors  on  either  side  of  and  adjacent  to  it  will  be  in  the  same  directioa.   k%.     J 
the  maximum  current  must  be  coming  from  the  oonunon  terminal,  the  end  to'wwt^'vVi^dOk.^^^  J 
anow  points  most  be  connected  to  one  of  the  rings,  while  the  o\!ti«.T  eTv^\»  cxnoMCdtali.Mc^XK'' 
common  terminal.    The  current  ia  the  two  adjacent  inductors  evSA.tsAX'^  tx«ai!i(b  Xsia  ^ 
Into  iCbm  oommon  tmminaU  heaot  the  ends  toward  whidi  the  axiow«  mxv^  tBeo3i^.\aA  v^ 
IP  lft»  MflBBOB  trnnhmkwbilB  tbtie  othtt  cods  9xm  woatetedto  ^m  TTm^^"^^***  * 


1,264 


HAWKINS  BLECTRICirr 


at  this  znoment;  then  but  one-half  of  the  same  value  of  current 
will  be  induced  at  the  same  moment  in  the  other  two  phases, 
and  its  path  and  value  will  best  be  shown  by  aid  of  fig.  1,560, 
in  which  X  may  be  taken  as  the  nuddle  collector  ring,  and  the 
maximum  current  to  be  flowing  from  X  toward  Z.  It  will  be 
seen  that  no  current  is  coming  in  through  the  line  Y,  but  part  of 
the  current  at  Z  will  have  been  induced  in  the  branches  b  and  c. 


Pig.  1.560. — Diagram  showiug  determination  of  path  and  value  of  oirrent  flowing  in  delta 
connected  armature. 


Ques.  Since  most  three  phase  windings  can  be  con- 
nected either  Y  or  delta,  what  should  be  noted  as  to  the 
effects  produced  ? 

Ans.  With  the  same  winding,  the  delta  connection  will 
stand  1. 732  as  much  current  as  the  Y  connection,  but  will  give 
n^y  l-i'L732  or  .577  as  much  voW^^ei. 

r 
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Chain  or  Basket  Winding. — One  disadvantage  in  ordinary 
two-range  windings  is  that  two  or  three  separate  shapes  of  coil 
are  required.  The  cost  of  making,  winding,  and  supplying 
spares  would  be  less  if  one  shape  of  coil  could  be  made  to  do  for 


all  phases.  One  way  of  accomplishing  this  is  by  the  method  of 
chain  winding,  in  which  the  two  sides  of  each  coil  are  made  of 
different  lengths,  as  shown  in  fig.  1 ,563,  and  bent  so  that  they 
can  lie  behind  one  another. 


Fu:.  1,504. — General  Electric  tenainsl  buard  ihowing  ublet  leading  to  thna  phue  irituIiDI- 

In  the  case  of  open  slots  the  coils  may  be  former  wound  and 
afterwards  wedged  into  their  places. 
7/7  chain  tvinding  the  adjacent  coils  link  one  another  as  in  a 
duin  (iiencs,  the  name) ;  the  wmdiiL^  'va  smfflKe  ^A  «.  eloaw  coil 
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winding.  This  plan  of  winding  is  supposed  to  have  some  advan- 
tage in  keeping  coils  of  different  phases  further  separated 
than  the  two  range  plan. 


IKS: 


i SB'S  1113.8  . 

fMfM 


I 


iPi 
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Skew  Coil  Winding. — In  this  type  of  winding  the  object  is 
to  shape  the  coils  so  that  all  may  be  of  one  pattern.  This  is 
accomplished  by  making  the  ends  skew  shape  as  shown  in 
figs.  1,566  to  1.568. 


Fed-ln  Winding. — This  name  is  given  to  a  type  of  winding 
possible  with  open  or  only  partially  closed  slots,  in  which  coils 
previously  formed  are  introduced,  only  a  few  inductors  at  a  time 


if  necessary.  They  are  inserted  into  the  slots  from  the  top,  the 
slot  bi'inj^  provided  with  a  lining  of  horn  fibre  or  other  suitable 
material,  which  is  finally  closed  over  and  secured  in  place  by 
mams  ol  a  wed^c.  or  by  some  other  suitable  means.  An  ex- 
amplo  of  a  ted-in  winding  is  RVio'wnm^%^.\5?&  and  1,568. 
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Imbricated  Winding. — This  is  a  species  of  spiral  coil  wind- 
ing in  which  the  end  connections  are  built  up  one  above  the 
other,  either  in  a  radial,  or  in  a  horizontal  direction. 

The  winding  is  used  especially  on  the  armatures  of  turbine 
alternators  and  dynamos. 


Spiral  Winding. — This  is  a  winding  in  which  "spiral"  coils, 
as  shown  in  fig.  1,560,  are  used.  The  spiral  form  of  coil  is  very 
extensively  used  for  armature  windings  of  alternators. 


Mummified  Winding. — The  word  tnummified  as  applied 
to  a  winding  is  used  to  express  the  treatment  the  coils  of  the 
winding  receive  in  the  making;  that  is,  when  a  winding,  after 
being  covered  with  tape  or  other  absorbent  material,  is  saturated 
in  an  insulating  compound  and  baked  until  thfe^^oVo'v&^sJ^^aSss* 
it  is  said  to  ho  mummified. 
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Shuttle  Winding. — This  type  of  winding  consists  of  a  single 
coil  having  a  large  number  of  turns,  wound  in  two  slots  spaced 
180°  apart.  It  was  originally  used  on  Siemens'  armature  and  is 
now  used  on  magnetos,  as  shown  in  figs.  1,4^9  to  1,461. 


between  kIT  coil  endi. 


Creeping  Winding. — Another  species  of  winding,  known  as 
a  creeping  winding  is  applicable  to  particular  cases. 

It  three  adjacent  coils,  each  having  a  pitch  of  120  electrical  degrees, 

be  set  side  by  side,  they  will  occupy  the  same  breadth  as  4  poles,  and, 

by  repetiiion,  will  serve  for  any  machine  having  a  multiple  of  4  ptdes, 

but  cannot  be  used  for  mac^aes  with  6,  10  or  14  poles.    Pig.  I,fi71 

shows  this  example. 
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trical    degrt 
occupy  the  same  an- 
gular   breadth    as    8 

Further,  9  coils  of 
200  electrical  degrees 
will  occupy  the  same 
angular  breadth  as  10 
poles. 

Now  of  these  B  coils, 
any   three  contiguous 

phase,  if  wound  alter- 
nately clockwise  and 
counterclockwise. 

For  the  8  pole  ma- 
chine,  the  phase 
difference  between  ad- 
jacent coils  is  20  de- 


For  the  10  pole 
machine,  the  phase 
difference  is  also  20 

The  co^ne  of  20  de- 
Erees  is  .9397,  conse- 
quently, if  3  adjacent 
coils  be  united  in  series, 
their  joint  pressure  will 
be  2.897  multiplied  by 
th.it  of  the  middle  one 
of  the  three. 

The  9  cchIs  tnajr 
therefore  be  joined  up 
in  three  groups  of  3 
adjacent  coils,  for  the 
three  phases. 
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a  multiplo  of  8  or  of  10  poles 
These  two  cases  are  illustrated  in 
figs.  1,572  and  1,573,  In  the  figures, 
the  coils  are  represented  as  occupy- 
ing two  slots  each,  but  they  might 
be  further  distributed. 
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Turbine  Alternator  Winding. — For  the  reason  that  steam 
turbines  run  at  so  much  higher  speed  than  steam  engines,  the 
construction  of  armatures  and  windings  for  alternators  intended 
to  be  direct  connected  to  turbines  must  be  quite  different  from 
those  driven  by  steam  engines.  Accordingly,  in  order  that  the 
frequency  be  not  too  high,  turbine  driven  alternators  must  have 
very  few  poles — usually  two  or  four,  but  rarely  six. 


The  following  table  will  show  the  relation  between  the  revolu- 
tions and  frequencies  for  the  numbers  of  poles  just  designated. 
TABLE  OF  FREQUENCY  AND  REVOLUTIONS 


pTHiaency 

Rkvouutions 

Zpol. 

4  pole 

«pol. 

1 

alooo 

6.000 

3.000 

l^ 

\ 
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Pn-   IjBTT. — Anmtan 
Une  AltcniatDr  with 


rn.  IJtTS. — StatlonuT  unutun  of 
VminghouiB  turbine  ■Itcrnator 
*ilh  pin  ol  the  winding  in  place. 

ODil)  In  a  turbine  altemstor  as 
compajv^  with  t.  ilow  ipe«d  ma- 

Mch  coit  canin  a  gnat  amount 

Ur^"ii^  of^<^  ci^iupr 

liu  "throw"  nf  the  coils  is  laiBc. 
leavinft  a  considerable  part  of  ths 
winding  in  the  md  tumi  unsup- 
portedbytheaimaiurecore.  For 
thetcreasonii^pat  Presses,  which 

that  they  can  be  made  rurid  and 
Intulited  satiifaclorily.   The  end 


atterati  ibort  dreuiU, 


1  iff  withiUai  iht  n 
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From  the  table,  it  is  evident  that  a  large  number  o£  poles  is 
not  permissible,  considering  the  high  speed  at  which  the  turbine 
mast  be  run. 


:\V  IJ^, 


Pic  1.S78.— Two  pole  radial  >Iot  field.    RadU  ilot  fii 

W^  altematon.    The  field  diunetert  am  lo  unaL  uml  m^ 
c&n  bQ  effcct]ve]7  bound  into  place,  tticli  bLndins  htlnz  °"^ 
mactune.    The  iluf  t  and  diic  *n  ■  one  idece  f  oisiiia  of  iMcL 

Ques.    How  U  the  h^h  voltage  obtained  with  so  few 
poles? 

Ans,     There  must  be  either  numerous  inductors  per  slot 
or  numerous  slots  per  pole. 


Pics.  IMO  to  I.SB2.^VeitlnBhouie  two  pots  paralld  slot  neld  whb 

, .-.^      T^ .._.  ^ot  dmign  of  field  conitruction  is  uwd  in  Weitinghouii 

. capacity.    In  fig.  1,581.  the  laise  holei  at  ttae  end  neai  tbe 

3*  the  cylinder  are  for  the  accommodalion  of  ths  bolts  that  hold  the  bronto 

B  and  (tub  ihafti.  In  winding,  the  cylinder  it  mounted  on  n  horiiontal  turntabls 
mai  n>t*tes  in  a  horiiontol  plane.  The  copper  strap  field  coil  windine  is  wound  turn  hf 
torn  under  preMure  and  strip  Iniulation  is  wound  in  between.  When  completed  the 
tanu  are  beU  rlsidly  in  position  with  heavy  braia  wedges.  An  end  disc  made  of  fanmte 
bold*  the  stub  shaft  and  is  balled  to  each  end  of  the  steel  center.  Whcs  the  leads  are 
attached  to  the  collactoc  rings  the  field  i>  complete. 


Ques.    What  form  of  armature  is  generally  used? 

Ans.     A  stationary  armature. 

Ques.     What   difficulty  is  experienced  with  reTolvlng 
armatures?  } 

AoB.    The  centritagaj  /(>r^  1>^CL£  ConEidecs^J^  Cit^  %5:x»»' 
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of  the  high  speed,  re- 
quires specially  strong 
construction  to  re^t 
it,  consequently  closed 
or  nearly  closed  slots 
must  be  used. 

Ques.     How  Is  the 
design    of    the  rotor 
modified  so  as  to  re- 
duce  the  centrifugal 
i     force? 

I         Ans.     It  is  made  lonj; 
g^     and  of  small  diameter. 


Some  I'lamplcs  of  re- 
volving fields  are  shown 
in  figs.  1.579  to  1,S84. 
FiRs.  1,577  and  1.578 
show  some  construction 
details  of  a  stationary 
armature  of  turbiae 
alternator. 
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CHAPTER   LI 


ALTERNATING  CURRENT  MOTORS 

The  almost  universal  adoption  of  the  alternating  current 
system  of  distribution  of  electrical  energy  for  light  and  power, 
and  the  many  inherent  advantages  of  the  alternating  current 
motor,  have  created  the  wide  field  of  application  now  covered 
by  this  type  of  apparatus. 

As  many  central  stations  furnish  only  alternating  current,  it 
has  become  necessary  for  motor  manufacturers  to  perfect  types 
of  alternating  current  motor  suitable  for  all  classes  of  industrial 
drive  and  which  are  adapted  for  use  on  the  kinds  of  alternating 
circuit  employed.  This  has  naturally  resulted  in  a  multiplicity 
of  types  and  a  classification,  to  be  comprehensive,  must,  as  in  the 
case  of  alternators,  divide  the  motors  into  groups  as  regarded 
from  several  points  of  view.  Accordingly,  alternating  current 
motors  may  be  classified: 

1.  With  respect  to  their  principle  of  operation,  as 

a,  SYNCHRONOUS  MOTORS; 

b.  ASYNCHRONOUS  MOTORS: 

1.  Induction  motora; 

f  series; 


2.  CommutatPT  motors 


compensated; 

shunt: 

rapi 


2.  With  respect  to  the  current  as 

a.  Single  phase; 
A  Polyphase; 
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tXTEHNAL     CIRCUIT 
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EXTERNAL     CIBCUn 
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3.  With  respect  to  speed,  as 

a.  Constant  speed; 
h.  Variable  speed. 

4.  With  respect  to  structural  features,  as 

a.  Enclosed; 

b.  Semi-enclosed; 
c  Open; 

d.  Pipe  ventilated; 

e.  Back  geared; 

/•  Skeleton  frame; 
£.  Riveted  frame; 
%.  Ventilated;  etc. 

Of  the  above  divisions  and  sub-divisions  some  are  self -defining 
and  need  little  or  no  explanation;  the  others,  however,  will  be 
considered  in  detail,  with  explanations  of  the  principles  of  opera- 
tion and  construction. 


Synchronous  Motors.^The  term  "synchronous"  means 
in  unison,  that  is,  in  step.  A  so  called  synchronous  motor,  then, 
as  generally  defined,  is  one  which  rotates  in  unison  or  in  step  with 
the  phase  of  the  alternating  current  which  operates  it. 

StricUy  speaking,  however,  it  should  he  noted  that  this  condition  of 
operation  is  only  approximately  realized  as  will  be  later  shown. 

Any  single  or  polyphase  alternator  will  operate  as  a  syn- 
chronous motor  when  supplied  with  ciurent  at  the  same  pressure 
and  frequency  as  it  produces  as  a  generator,  the  essential  con- 
dition, in  the  case  of  a  single  phase  machine,  being  that  it  be 
speeded  up  to  so  called  synchronism  before  being  put  in  the  circuit. 

In  construction,  synchronous  motors  are  almost  identical  with 
the  corresponding  alternator,  and  consist  essentially  of  two 
elements: 

L  An  armature, 
2.  ASM. 
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SYNCHRONOUS     MOTOR 


Plos.  1J88  to  1^2.— Sxndmmnui  motor  prindple*:    II.  Tkt  condilk 
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etiher  of  which  may  revolve.    The  field  is  separately  excited  with 
direct  current. 

The  principles  upon  which  such  motors  operate  may  be  ex- 
plained by  considering  the  action  of  two  elementary  alternators 


ftLTERNMDR  SYNCHRONOUS   MOTOR 

nd  1.594.— S>mclirraiouiiQotori)iHncip!«:  TtLTiuai 
:  0/  a  synchroKms  motor  is  thai  diic  la  Ihi  •ffwdia  , 


PlC».  l.l»3»nd  1,59*.— Sjmchraiom  motor  principlei:  III.  r*«  nuTnK  »*((* jImm  (*roiM»  tt» 
— '  -  ' -  "-  -■ ■'-  -" — ■—    Since  tl 
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tinsulAhed  from  the  pressure  generated  by  the  altemat^n'  called  the  imprtistd  prttturt. 
*  cnacdT*  pressure,  is  tgual  to  the  differenct  bttvttn  ti 


^Umabw  or  Impnaaad  DreMiin  attd  Uu  rereiH  preaaurc  itidtuti  in  tlu  molcr.  Now 
If  the  motor  be  perfectly  trtt  to  turn,  that  le,  without  loiul  or  friction,  the  reverie  presiore 
will  equal  the  jinpreaaRl  pre»ure  and  no  current  will  flow.    Tlii*  il  the  caee  of  real  lyn- 

buttheeoiunitate  without  phawdiSerence.  In  figs.  l,5S3aiid  1,5M.  the  impnaiiBd  an  J 
nv«ne  preuurea  are  repieiented  by  the  doited  arrows  P,-  and  P.,  re^iectivefr.  Since  In 
thia  calB  tbew  oppotiog  pressures  are  equal,  the  remltaot  or  effectivs  pnMure  b  •era: 
hcace,  there  i»  no  current.  /■  actual  maMnfs  this  conditio*  is  impotsiitt,  becaiua  even  if 
the  moton  luive  Co  eileraal  load,  there  ia  always  more  or  leia  {rictina  prcaenti  hence,  in 

indues  magnetic  polea  ao  aa  to  produce  sufficient  torque  to  carry  the  load.  The  action  et 
the  motor  in  aatomatically  adjusting  the  eSective  pressure  to  suit  ths  load  is  snilaiaed  In 
B8>-l.EeBudI,S9fl. 

«mnected  in  circuit,  as  illustrated  in  the  accompanYin■'i,^U^3^:cB^ 
tions,  one  alternator  being  used  as  a.  ^eoea^XJat  axA*<!a.^  ti^Sms.  ■•» 
a  synchronous  tnoiXir,  j 

Suppose  the  motor,  as  in  figa.  1,B»6  Mia.\,'BaR»*\»*^*'** 
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it  is  connected  in  circuit  with  the  alternator.  The  alternating 
current  will  flow  through  the  motor  armature  and  produce  a 
reaction  upon  the  field  tending  to  rotate  the  motor  armature 
first  in  one  direction,  then  in  another. 


CURRENT  PHASE 


f^ 


i.;>u^iud  l.SM^ 
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repraenting  uie  impressed  pn-f.'ujrc,  2,  the  intermiMiate  pr>?itiou  A'B'CW,  the  currentt 
3,  the  actual  position  A"B"C"D"  (correspond ing  to  meL^onicat  la^l.  the  revane  pnfr 
sure.  From  the  fiRure  it  will  Ik  seen  that  the  current  phase  represented  by  A'B'C'D* 
ia  in  advance  of  the  levene  pressure  phase  reprex^nled  by  A''B'C'D-,     Hence,  by 
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reverse  to  its  effect  on  ahematurs,  which  result* 

t  the  same  riie.  '^'In' other  words,  the  correot 
iT  field,  I'i'Tty'*"*  oi  makcoi  legpectively  the 


ALTERNATING   CURRENT  MOTORS 


Because  of  the  very  rapid  reversals  in  direction  of  the  torque  thus  set  up, 
there  is  not  sufficient  time  to  overcome  the  Inertia  of  the  armature 
before  the  current  reverses  and  produces  a  torque  in  the  opposite  direction, 
hence,  the  armature  remains  stationary  or,  strtcUy  speaking,  It  vibrates. 

Now  if  the  motor  annature  be  first  brought  up  to  a  speed  oorraspond- 
ing  in  tiequeacy  to  that  of  the  alternator  before  connectiDg  the  motor 


^141^ 


l.SBS.— Synchronous 
icHiitf  IJU  firld  is  ptopalimml  lo  Ikt  sine  eC  Iba  uiAle  by  which  Iht  f  Brrml  laii 

mtrriud  prmtrl.    If  b  motor  be  without  load  or  friction,  it*  wrmtoro  will 

-jvolvB  nmchronouily  (in  parallel  planes)  with  th«  a1t«rnatar  armature.  In  thefigiun 
let  ABCp  represent  an  iniUnUneou<  position  of  the  motor  ariniture  vba  Ihit  conditiao 

for  tbe  'ume  condition  of  no  load,  no  (riction,  operation.  Naa.  U  a  U«h(  toad  t»  pluvl 
on  dia  motor  for  the  same  initantaneoui  position  of  altenutor  armature,  tbe  motor  coll 
wHldnpbalilnd  toaomepoaltloaaaA''.  fig.  1.597  (part  of  the  coil  only  being  ihown). 

pmnre  vritl  be  fepresen IhI  by  A".  Tlie  amiatme  cnnent  will  ordinarily  take  an  intermedi- 
ate phaae,  represented  by  coi[  position  A'B 'CD',  inducina  afield  strengtli  oorrespooding to 
theBlinescrfforceOP,  OF'.etc.    Tkt  furrtni  briti  la  ajrme*  i^  tin  tkait  o/  iht  ratrn 

allowing  the'proper  current  to  flow  to  balance  the  toad.  The  amount  by  which  the  field  il 
weakened  may  be  determined  by  rcwlving  the  induced  magnetic  linu  OP.  O'P'.  0"F".  etc.. 
into  component!  OG.GP.  O'G'.G'P',  CrG",G"F",etc..r«peclivelypara]lel  and  at  right 
angles  to  the  lines  of  force  of  the  main  field.  Of  these  components,  the^ld  is  weakened 
mSy  by  OG.  O'G-,  0"G".  etc.  Since  by  lonrtmction.  angle  OPG  -AOA'.  and  catling  OP 
unity  length.  OG  -  sine  of  angle  by  which  the  current  lags  behind  the  impressed  presBure, 
The  constniction  isahown  better  in  the  enlarged  diagracn.  For  a  heavier  load  tbesmia- 
ture  coil  will  drop  back  fuither  to  some  position  as  A '^'.  Sp.  1.508.  and  the  lag  cf  the 

ii  seen  that  the  component  OG  (fig.  ^507)  has  incrtasei  \o  O^  **.  'i3**>">.^'*,^;i 
pooent  thus  further  wiaiieninc  the  main  6eld,  by  an  amomA  ttoS"''"**^  ^  ™^a"^S 
tbfntgUi,,r*/c*l*ea,mMlat3l<ehind  (*(  tntireised  presmrr.  "^^^  ■'W^'M^  w™ 
»!?SS  ^^l^**™'"^  ,'f  """j  ""'^  *'«'  induced  fic\4  to  \«  »'^™^^*'^™\S%a!« 


,iie^cnw»  V 
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in  the  circuit,  the  armature  triU  contiiiue  revolving  at  the  same  frequec;' 
as  thealteraator. 

The  annaturo  continues  revolving,  because,  at  synchronous  speed, 
Ihe  field  flax  arid  armature  current  are  always  in  the  same  relative  position. 
producing  a  torque  which  always  pulls  the  armature  around  in  the  same 
direction. 

A  polyphase  synchronous  motor  is  self  starting,  because,  before  the 
current  has  died  out  in  the  coils  of  one  phase,  it  is  increasing  in  those  of 
the  other  phase  or  phases,  so  that  there  is  always  some  turning  effort 
exerted  on  the  armature. 

The  fflieed  of  a  synchronous  motor  is  that  at  which  it  would  have  to 
run,  if  driven  bs  an  alternator,  to  deliver  the  number  of  cj-des  which  is 
Eiv«i  by  the  supply  aitemator. 


NO  T0B9UE 


NO  TORQUE 


SYNCHRONOUS  MOTOR 


SYNCHRONOUS    MOTOR 


S.".S?«^'S;  "'S  .TS,!,S"?S.:!  !£ 

induced  lines  of  lorca  acting  in  para 
just  u  in  analogy  nhen  an  engine  i 
and  CDnniclins  rod  (induced  Tine  0 
Uw  ateam  on  tb.  piitoQ  produce  Q 

on  the  dead  ceiHtr.  the  piston  ro/(field  line  of  force) 
force)  being  in  a  Btraight  line,  the  foreo  exerted   by 
o  torque. 

,  1  12  pole  alternator  running  at  600  revolutions  per 

minute  will  deUver  current  at  a  frequency  of  60  cycles  a  second;  an 

S  pole  synchronous  motor  supplied  irom  that   circuit  will  run  at  900 

refo/utjons  per  minute,  whichisteeBpeci8X^Vi^i^'tt.•«'K!A^M.■^atJ(ibc 

driven  as  an  alternator  to  gjve  60  cjdes  e.  oecotA— 'Coa  iwRpwoKS  lA 

the  12  pole  aJCemator. 
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At-TCRNhTOR 
Pn*.  IIMXV  to  t.e64.— SynchnnuHU 


SYNCHRONOUS    MOTOR 


prindplet-    VTI.  A 

., _ -kanioillatlntisslkanlifi:    Fig*.  l.BOl 

ntnKOi  tha  oondiLioni  which  prevnil  when  tho  lag  a(  the  molor  srinature  A'B'CD'  !■ 
■DTthinc  leaa  tbaa  00*.  As  nhom.  the  lac  >■  slmoit  SO*.  The  direction  of  the  current  and 
indUMd  polM  are  indicated  by  th«  bitowb.  Tin  aidinaUim  of  "k  rMit  coiJ  u  mik  llmi 
the  rapaWnp  rf  Ilka  »■«  tniduu  o  (untw  In  A*  dlrectlan  ol  ntailiKi,  thui  Uodino. 
ta  keep  motor  iDoperatioa.  Now,  inRii,  l,S03and  1,604,  tor  t.hesu»v^'>^'<^<*-'^^r?f^'.. 
oatormil  ABCD,  i/(*<[aift((r™""*anOO',l)nlntUiuiiio«  a]  H«  '"'*» ,V*^ ,*-*^l2E,^ 

a  revolving  whsoL 
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ALTERHATOH 

SI.  l.eOS  to  l.eOS — Synchronous  motor  ptinciplM:  VIII.  //  Iht  tanpu  and  curraa  Umick 
Ikt  rnHnr  armaiur,  bt  tcff  comUini.  iirnKfJmi-f  till  firii  »■"  iicrtast  Ihi  mtckanical  Jm. 
and  tht  lead  of  Ike  cuntnl  uHk  rcsprcl  !o  Ihi  tntrst  pitssure.  In  the  liguics,  let  A  be  u 
initantaneous  poJtlon  of  the  aUernaior  coil,  \°,  lynchronous  po.ilion  <A  motor  miL 

motor  coil  behind  altmatpr  cJlneocsMr)'  to  maintain  «iuilil!rium.'"ln  fig.  1.006.  let  A' 

munulint  h><l  cataln  load  and  fiiU  slrentUi.     For"  tht«  conditions  pU,  CC,  0"G", 

fiel^  that  is,  ihty  indicate  the  intensity  of  the  armalure  teat  lion  ol  the  inslani  dtpicUd. 
Now.BSKimethefieldatreiigiii  tot>edoubled.ar<in{ig.  l.BOs,  |A<  Molor  load  and  cumat 
btint  maintained  c«iutant.     Under  thc-se  conditions,  the  armature  reaction  must  be 

■■  be  componcnla  OG.  U'G'.  etc.,  fig.  1.0O8.  mint 

1.61)5.    Also  aince  the  current  »  maintained 
'Pare  of  same  length  in  both  figuTEs.    Hence, 


;  twice  the  length  of  OG,  t/G'. 
>niUnt.  the  induced  mugnelic  lin 
.  fis.  1,008  the  plane  of  these  cu 
ciilara  from  C.  G-,  etc.,  giving 
irmal  to  OF,  CF',  etc.,  gives  th. 


„^1' 


.nt  phase 

inA-OA'Cfig,  1, 
!  field  strength  cauEcs  an  incicaae 
:  IS  doubled.  Since  the  intensrtv 
^nt  with  respect  to  the  reverse  pi«aure. 


FG,  F'G',  etc.    The  plane  A', 
SXiin  A"0'A'(fig.  l.OOfl).    Th«t 


fce«M™«serf  to  some  position  b4  A"  (fig.  1.6081.  »"■*.  a*' 
uJtenaKj.  indicated  by  the  coroponenU  0G>  0*0* ,  ««■ 


A  Vk  aim^^iAtcARli^n&^i 
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The  following  simple  formula  gives  the  speed  relations  between 
generators  and  motors  connected  to  the  same  circuit  and  having  dififerent 
numbers  of  poles. 

P  XS 

in  which 

5.    Revolutions  per  minute  of  the  motor; 

p.    Number  of  poles  of  the  motor; 

S.    Revolutions  per  minute  of  the  alternator; 

P.  Number  of  poles  of  the  alternator. 

Question.  If  the  field  strength  of  a  ssmchronous  motor 
be  altered,  what  effect  does  this  have  on  the  speed,  and 
why? 

Ans.  The  speed  does  not  change  (save  for  a  momentary 
variation  to  establish  the  phase  relation  corresponding  to 
equilibrium),  because  the  motor  has  to  run  at  the  same  frequency 
as  the  alternator. 

Ques.  How  does  a  S3mchronous  motor  adjust  itself  to 
changes  of  load  and  field  strength? 

Ans.  By  changing  the  phase  difference  between  the  current 
and  pressure. 

If,  on  connecting  a  synchronous  motor  to  the  mains,  the  excitation 
be  too  weak,  so  that  the  voltage  is  lower  than  that  of  the  supply,  this 
phase  difference  will  appear  resulting  in  wattless  current,  since  the 
missing  magnetization  has,  as  it  were,  to  be  supplied  from  an  external 
source.  A  phase  difference  also  appears  when  the  magnetization  is  too 
strong. 

Ques.    State  the  disadvantages  of  s3mchronous  motors. 

Ans.     A  synchronous  motor  requires  an  auxiliary  power  for 
starting,  and  will  stop  if,  for  any  reason,  the  synchronism  be 
destroyed;   coUecto    rings  and  brushes  are  required.    For  some 
purposes  synchronous  motors  are  not  desirable,  ^i&  ^<3t  ^s?K>T>csNst^ 
shafts  in  small  workshops  having  no  o\)ciet  ^^ex  ^n"?^^!^^^  ^"^ 
starting,  and  in  cases  where  frequent  s\,ar\.\n5j,,  ox  ^  %\.xoxl^^«^^ 
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at  start         „ ijessary.    A  synchronous  motor  has  a  tendency 

to   hur,  nd  requires  intelligent  attention;  also  an  exciting 

current  wh.iii  must  be  supplied  from  an  external  source. 

Ques.    State  the  advantage  of  synchronous  motors. 

Ans.  The  synchronous  motor  is  desirable  for  large  powers 
where  starting  under  load  is  not  necessary.     Its  power  factor 
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wiU  give  lh=  y  curve  as  shown, 
imcfime  runnuiH  un  naderi  as.ii 


o  la^  or  lead  nvhile  tlie  load  i 
lulUplotl 


1  for  several  value 


may  be  controlled  by  varying  the  field  strength.  The  power 
factor  can  be  made  unity  and,  further,  the  current  can  be  made 
to  lead  the  pressure. 

A  synchronous  motor  is  frequently  connected  in  a  drout  solely  to 
improve  the  power  factor.  In  such  cases  it  is  often  called  a  "amdenser 
motor'  for  the  reason  that  its  action  \aami.Wc  to&M.'a^ 

W'OTKr-fise  HtMnting  erf  synchroDoui  mowtB.  v«e  ^•^''l' 
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The  dedgn  of  synchronous  motors  proceeds  oa  the  same  lines  aa 
that  of  alternators,  and  the  question  of  volta^  regulation  in  the  lattw 
becomes  a  question  of  power  factor  regulation  in  the  former. 

Ques.    For  what  service  are  they  especially  suited? 

Ans.    For  high  pressure  service. 

High  voltage  current  supplied  to  the  armature  does  not  pass  through 
a  conunutator  or  slip  rings;  the  field  current  which  passes  through  sup 
rings  being  of  low  pressure  does  not  give  any  trouble. 


Fig.  1,610. — Wt>bnj|hou»  leir-alartinB  lynchronou*  motor.    Moton  of  this  typ«  are  (nit- 

'   ' '  speed  Bcrvice  wnm  startinff  conditiona  are  modeiBte.  «UGa  u  driviiw 

ipg,  uid  Uige  blDwna.  Synchronous  molon  csa  be  nude  to  openle 
QOK  Diuy  »a  iiiuL.jra  but  as  syncbronoui  aHidensers  to  iinj>rova  the  power  factor  of  the 
circBit.  The  field  IB  providoi  with  a  combined  ■tartuwanddaniper  or  diHcrr'jjfHririiidinK 
u>  proportioned  that  Che  ncceraary  itarting  torque  ia  devcloprd  by  the  nbs^crv^Tb  «a:r^^^ 

npen  and  the  colli  form  wouod.  intpregnated.  and  lQt«c\ian%«^^A.     *"-v 
TfMte^  at  each  end  ol  the  a: ''       *'     "'*  ''    ~"" 


1,2S0  Sawkins  blbctricity 

Ques.  How  do  synchronouR  and  Indifctloii  moton 
compare  as  to  effldemy? 

Ans.    Synchronous  motors  are  usually  the  more  efiSdent. 

Hunting  of  Synchronous  Motors.— Since  a  synchronous 
motor  runs  practically  in  step  with  the  alternator  supplying  it 
vith  current  when  they  both  have  the  same  number  of  pedes. 


d  miaiih  And  tha  ipnntr  ' ,. 

"'jo  load  imposed  by  ihe  brake 


re  reprnenii  t«o  fly»h«»l» 
irihe'same  "pml  »nd  •  brake  be  appiied.  Bay  to  B.  in  tpcei  will 


luhed.  B  ■■  Mill  routinE  tightly  ilpvcr  than  A.  and  ai 


Now  before 


vprieff  itopB  coilinR  up  the  wheels  must  be  rotating  at  the  same  speed.    When 

tbfl  Bprina  bag  rea^e^  a  posil;on  af  too  Breat  torque,  and  therefore  exerting  more  turcintf 

force  on  B  than  is  neceaury  to  drive  it  agiinit  the  brake     Accordingly  B  is  accelerated 

B  lud  11  put  on  and  taken  off'    Owing  to  diction^  the  oscillations  sraduaLly  die  out  and 
tbe  second  wheel  lake*  up  a  steady  speed.    A  limilar  action  lakes  place  in  a  syacbroDOiu 

or  some  multiple  of  the  ratio  of  the  number  of  poles  on  each 
machine,  it  will  take  an  increasing  current  from  the  line  as  its 
speed  drops  behind  the  alternator,  but  will  supply  current  to  the 
Une  as  a  generator  if  for  any  reason  the  speed  of  the  alternator 


i 
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should  drop  behind  that  of  the  motor,  or  the  ctirrent  wave  lag 
behind,  which  produces  the  same  effect,  and  due  to  additional 
self-induction  or  inductance  produced  by  starting  up  or  over- 
loading some  other  motor  or  rotary  converter  in  the  circuit. 

When  the  motor  is  first  taking  current,  then  giving  current 
back  to  the  line,  and  this  action  is  continued  periodically,  the 
motor  is  said  to  be  hunting, 

INDUCTIVE       CIRCUIT 


^ 


ALTERNATOR 


SYNCHRONOUS 
MOTOR 


INDUCTIVE      CIRCUIT 


Pig.  1,612. — Diagram  illustrating  the  use  of  a  synchronous  motor  as  a  condenser.  If  a  sim 
oiironuus  motor  be  sufficiently  excited  the  current  will  lead.  Hence,  if  it  be  connected 
across  an  inductive  circuit  as  in  the  figure  and  the  field  be  over  excited  it  will  comi)en- 
sate  for  the  lagging  current  in  the  ma>n,  thus  increasing  the  power  factor.  If  the  motor 
be  sufficiently  over  excited  the  ix>wer  factor  may  be  made  unity,  the  minimum  current 
being  thus  obtained  that  will  suffice  to  transmit  the  i>ower  in  the  main  circ\iit.  A  syn- 
chronous motor  used  in  this  way  is  called  a  rotary  condenser  or  synchronous  compensator. 
This  is  especially  useful  on  long  lines  containing  transformers  and  induction  motors. 


Ques.    What  term  is  applied  to  describe  the  behavior 
of  the  current  when  hunting  occurs? 

Ans.    The  term  surging  is  given  to  describe  the  current 
fluctuations  produced  by  hunting. 

The  mechanical  analogy  of  htinting  illustrated  in  fig.  1»611  will  help 
to  an  understanding  of  tjiis  phenomenon.  In  alternating  current  cLccuitx* 
a  precisely  simUar  action  takes  place  between  \.Vy&^\j«xt!k3^\jc3k\^^SL^^^'^^ 
chronous  motors^  or  even  between  the  altiexiAXoT^  ^hssDaiSc^es^ 
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GHARAGTBRISnCS  OF  SYNCHRONOUS  MOTORS 

Starting. — ^The  motor  must  be  brought  up  to  ^jrochronous  speed 
ivithout  load,  a  starting  compensator  being  used.  If  provided  with 
a  self -starting  device,  the  latter  must  be  cut  out  of  circuit  at  the  propc^ 
time.   The  starting  torque  of  motor  with  self-starting  deviceisvety  small. 

Running.— The  motor  runs  at  synchronous  speed.  The  masdmum 
torque  is  several  times  full  load  torque  and  occurs  at  syndironoua  speed. 

Stopping. — If  the  motor  receive  a  sudden  overload  sufficient  to  mo- 
mentarily reduce  its  speed,  it  will  stop;  this  may  be  brought  about  by 
momentary  interruption  of  the  current,  sufficient  to  cause  a  loss  of 
synchronism. 

Effect  upon  Circuit. — In  case  of  short  circuit  in  the  line  the  motor 
acts  as  a  generator  and  thus  increases  the  intensity  of  the  short  circuit. 
The  motor  impresses  its  own  wave  form  upon  the  circuit.  Over 
excitation  will  give  to  the  circuit  the  effect  of  capacity,  and  under 
excitation,  that  of  inductance. 

Power  Factor. — ^This  depends  upon  the  field  current,  wave  form 
and  hunting.  The  power  factor  may  be  controlled  by  varying  the 
field  excitation. 

Necessary  Auxiliary  Apparatus. — Power  for  starting,  or  if  self- 
starting,  means  of  reducing  the  voltage  while  starting;  also,  field  exciter^ 
rheostat,  friction  clutch,  main  switch  and  exciter  switch,  instruments 
for  indicating  when  the  field  current  is  properly  adjusted. 

Adaptation. — If  induction  motors  be  connected  to  the  same  line 
with  a  synchronous  motor  that  has  a  steady  load,  then  the  field  of  the  syn- 
chronous motor  can  be  over  excited  to  produce  a  leading  current,  which 
will  counteract  the  effect  of  the  lagging  currents  induced  by  the  induction 
motors.     Owing  to  the  weak  starting  torque,  skilled  attendance  re- 
(juired,  and  the  liability  of  the  motor  to  stop  under  abnormal  working 
conditions,  (he  sj-nchronous  tnotot  is  not  adavl^d  lo  general  power  dis- 
tribution,  but  rather  to  large  units  y;\\\c\\  opciaV^i Mtvdvi\  -^ sv^^e^^j \q^%sA 
do  not  reQuire  frequent  starting  and  sVippvci^. 
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Induction  (Asyn- 
chronous)   Motors.— 

An  induction  motor  con- 
sists essentially  of  an 
armature  and  a  field  mat- 
net,  there  being,  in  the 
simplest  and  most  usual 
types,  no  electrical  con- 
nection between  these  two 
parts* 

According  to  the  kind 
of  current  that  an  induc- 
tion motor  is  designed 
to  operate  on,  it  may  be 
classified  as : 

1.  Single  phase; 

2.  Polyphase. 

The  operation  o£  an 
induction  motor  de- 
pends on  the  i)roduction 
of  a  magnetic  field  by 
passing  an  alternating 
current     through    field 


*d  Gf  "  primary ,"  "vxoaiA- 
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The  character  of  this  field  ia  either 

1.  Oaclllatitig  *,  or 

2.  Rotating. 

according  as  single  phase  or  polyphase  current  is  used. 


».  1.69a  lo  1,628.— General  Electric  baae 
TIh  but  IB  nude  of  cast  iron.  AdfustLnj 
bue  aa  ahown  in  the  iUustratLons.  the  ma 

aiw.  With  IhiadeaiKn  of  base,  motare  are  i 

nu/bBnui  witb  an  upward  pull  on  the  belt-  Close  fitting  guide 
machined  rtot  on  the  base  preserve  a  correct  alignment  of  the  r 
tha  latuiia  required.    The  same  base  can  be  uied     '     ' 


ction  for  polvphase  inducUdu 


of  the  I 


single  , 


Ques.    Describe  briefly  the  operation  of  a  single  phase 
motor. 

Ans.     A   single  phase  current  being   supplied   to  the  field 
magnets,  an  oscillating  field  is  set  up.    A  single  phase  motor  is 


•f^OTB.~"Tht  irord  oscmali 
^Jfieldi  whose  oacillal  ons  are  l 
aAoti/d  JiMve  spoken . 


lanOKillaling  field    — 5.  P.  Tliom»son.  Tne  a-ilV<n  ^AVsei^-aon-wA 
inBiUothsrnaage.be»tda«:ia»tte'»i'*=^™™™''^  ~ 
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not  self-starting;  but  when  the  armature  has  been  set  in  motion 
by  external  means,  the  reaction  between  the  magnetic  field  and  the 
induced  currents  in  the  armature  being  no  longer  zero,  a  torque 
is  produced  tending  to  turn  the  armature. 


The  current  fiowinj;  through  the  armature  produces  an  alternating 
polarity  such  that  the  attraction  between  the  unlike  armature  and  field 
poles  is  always  in  one  direction,  thus  producing  the  torque. 


Pig.  I.>29. — Ricbmanil  thrM  (duas 

for  ihif  tine  th«  pooitLoa  of  the  motor 

Ques.    Why  is  a  single  phase  induction  motor  not  self- 
starting? 

Ans.  When  the  armature  is  at  tti.e  t«s\.,  ^^^  c»rtwfis\o&as*^ 
tiereia  are  at  a  maximum  in  a  plaao  a\.  tv?;c*.  kw^«^  ^^Jrf^ 
BMgiietic£eld,  hence  thereis  no  imtialtotopLe  Xo  ^sas^''^^^**' 
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QuM.  What 
pTOTtston  Is 
made  for 
staTtlng  single 
phase  Induc- 
tion motws? 

Ans.  Appai> 
atus  is  supplied 
for  "splitting 
the  phase" 
(later  described 
in  detail)  of  the 
single  phasecur- 
rent  furnished, 
converting  it 
temporarily  into 
a  two  phase  cur- 
rent, so  as  to 
obtain  a  rotaUng 
field  which  is 
maintained  till 
the  motor  is 
hrouf'ht  up  to 
s]>ecd.  The 
phase  splitting 
device  is  then 
cut  out  and  the 
motor  operated 
with  thp  oscillat- 
ing field  pro- 
duced   by    the 
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Ques.  Describe  briefly  the  operation  of  »  polyphase 
Induction  motor. 

Ans.  Its  operation  is  due  to  the  production  of  a  rotating 
magnetic  field  by  the  polyphase  current  furnished.  This  field 
"rotating"  in  space  about  the  axis  of  the  armature  induces 
currents  in  the  latter.  The  reaction  between  these  currents  and 
the  rotating  field  creates  a  torque  which  tends  to  turn  the  arma- 
ture, whether  the  latter  be  at  rest  or  in  motion. 


overhung  or  psrlially  clo>«i.  aflording  mechanic*!  protection  Co  the  coili.- 

Ques.  Why  are  induction  motors  called  "asyn- 
chronous"? 

Ans.  Because  the  armature  does  not  turn  in  synchronism 
with  the  rotating  field,  or,  in  the  case  of  a  single  phase  induction 
motor,  with  the  oscillating  field  (mnsidering  the  latter  in  the 
!ight  of  a  rotating  field). 

Ques.    How  does  the  speed  vary  ? 

Ans.     It  is  slower  (more  or  less  accoi&xv^  \x>  VaS^i  "Cwwa-'^ja 
"Held speed,"  that  is,  than  "synchTomsm"  ot\Nw"^-3-wS«ik««» 
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Ques.    What  Is  the  difference  of  speed  called? 

Ans.     The  slip. 

This  is  a  vital  factor  in  the  operation  of  an  induction  mot»r,  Bince 
there  must  be  slip  in  order  thai  Ike  armature  inductors  skalt  cut  magtielic 
lines  to  induce  (hence  the  name  "iDductiOD"  motor)  currents  thendo 
GO  as  to  create  a  driving  torque. 


.   1.650.-Id(!al  HWmJ 

phua  induction 

The  armature  corB  is 

an  frama  carried 

5n  a  base,  witt 

1  .lidiw  ways  and  screw  aditat- 

mJ^for  ligiil^^'lS 

!  be)t.    Th«  arms 

is  provided  witt 

1  ventilating  aperturm, 

with  meUl  .pKen  bEt 

Koen  ™cb  tooth. 

The'^. 

iss, 

.tee)  casting  w5lh  tadi- 

Blly  projectina  poles,   ( 

x>  which  the  poll 

«!,     The 

o«nd  witf 

iniJaled  by  sheet  ina 

»ith  flat . 

copper 

.wound  01 

i  SSe?«ch^^nrb^ 

ilsUon.     Mptors  i 

yf  this  ly 

adapted 

plsnts  and  isolslnj  pUntl.     The  lelaliv 

ely  hish  i 

For  which 

Ihey  are  dougned.  ro- 

duces «rniriderab]y  th« 
is  belt  driven,    fho  nc 

weiBht  and  overa! 

id  UkeiriH 

th  e  cost.    The  exciter 

irrnal  kw.  capanty  cf  the  c 

usu.llyea 

(or  the  endtitioo  iindei 

r  norniai  loaTcoo. 

ditioni  to 

;  of.italio, 

1  liahting.    All  ueiten 

.  capable 

of  deU 

.^l5«ii 

125  volts,  which  i>  luffidenl  Wrain  in 

the'firld 

to  con 

jtcmatinc  ciunnt  Una 

volt«<B  on  eiicuits  of  i 

miBuaUy  low  po» 

rei  factor 

Ques.    What  is  the  extent  of  the  slip? 

Ans.  It  varies  from  about  2  to  5  per  cent,  of  synchronous 
speed  depending  upon  the  size. 

Ques.  Why  are  induction  motors  sometimes  ca.U.'ad. 
constant  speed  motors? 

Ans.     They  are  erroneously  andiU  advS.-aeeJi's ,  '^ft^-  '^"^'^^'^^^^ 
so  caUed  by  builders  to  distmguish  t■bemUwn."■aA^^.«AO^'**^ 
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fitted  with  special  devices  to  obtain  widely  varying  speeds,  and 
which  are  known  as  variable  speed  induction  motxm. 
The  term  adjuslabte  would  be  better. 

I. — A  owtor  in  which  tha  ipwd  ii  ijthaf  eonitiat  or  doM  aot 
:iraooDi  moton.  indoction  moton  with  wiuJl  ilip.  aad  cxdiaarT 
Puicnph  46  of  IWT  Kt.~4..rfi™t.fm  Rula  d  Uu  AJ.B.B. 

in  *iiieh  proviiiaa  ii  nude  tor  TUying  Uw  vwd  u 
intiwluc«dthotBin»r— '— -" — •—  •--•—' 


.   UmA.I.B.B.  buoadxtanat 


>Mr 


,851.— Wertem  El>!ctric  core 
mnw  indoction  motor.    The  c 

lasent  nhiine.    The  |Mrti<in  of  the'cnirKhirh  H^h  inio'tlic  «1nt~ii'ivrarped  grith  vt 

'ith  an  infnilatinir  compound  and  haiccd»  the  priKiu  bi-ing  npealcd  sik  times,  Coili  fot 
,iar,  and  :!.2W  volt  motor*  have  an  vxtm  coi-ering  of  insulution  and  double  the  amounl 
[  iRipreRnatinfl  and  baking.  The  mill  may  tie  tumiihiil  Kith  npccial  innilation  and 
utment  for  exceptionally  severe  Mrvice  conditions,  such  as  eiposure  to  eicessive 

final  finidi  arc  sprayed  with  black  varnish. 

Ques.    Why  do  some  writers  call  the  field  magnets  and 
armature  the  primary  and  secondary,  respectively? 

An.s.     Because,  in  one  sense,  the  induction  motor  is  a  species 
of  transformer,  that  is,  it  acts  in  many   Tes,(;iccts  like  a  tran&- 
former.  the  primary  winding  ot  vjVvic^v  is,  o^  Wc  ^di.4.  ^■n&.'Caa 
'■econdary  vdndin^  on  the  armat\ire. 
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In  the  motor  the  function  of  the  secondaiy  circuit  ia  to  furnish  enersy 
to  produce  a  torque,  instead  of  producing  hghc  and  heat  as  in  the  case 
of  the  transformer.  Such  comparisons  are  ill  advised  when  made  for 
the  purjjose  of  supplying  names  for  motor  parts.  There  can  be  no 
confusion  by  employing  the  simple  terms  armature  and  field  magnets, 
rememberine;  that  the  latter  is  that  part  that  products  the  osciUaitnz  or 
rotating  fiela  (according  as  the  motor  is  single  or  polyphase),  and  the 
former,  that  part  in  which  currents  are  induced] 


12. — Annaton  of  AUU-Cbalmcn  squirrel  c«|e  ir 
^    X  type  jud  haa  lor^  cored  opening!  for 


The  FruM  cattli« 


interior  surface  oT  tl 


Ques.    Why  are  polyphase  induction  motors  usually 
presented  in  text  books  before  single  phase  motors? 

Ans.     Because  the  latter  must  start  with  a  rotating  fiaLd.  «kA. 

come  up  to  speed  before  the  osciUatmg  ^e\&  ca.'n.'^  «m.'<^<3^^&- 

A  ktiowletke  then  of  the  production  ol  a  TO^a.^avl^  %dA  H*  '^ 

to  aaderstaadthf  agtioo  of  We  pn^le  v^^^^  motot  «X  «^a.■TOa.'fe■ 


U0S 
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—As  inany  *•*•—*  "\  ftiritfai 
pttt  out  obUy  ahenutnig  cuiieot  circuits,  it  has  >*'**»*ff  nv 
maiy  for  motor  builden  to  perfect  types  of  ahemattne  cmml 
motor  niitaUe  for  all  classes  f)f  tndnstrial  drive  and  irtndi  art 
adH4H  for  tue  on  these  commercial  drcaits.     Tbeft  phHi 


Pic.  l,OS3.--8Ktioiul  vicn  ihow: 
feature  i^  thn  Muirrct  c^jze  a 
rinM.    ThB  hr>l«  in  lhn7ngi 

rwli,  «(!  the  (criR  fiiuiws good  contact.  ''Therings 
wjWrml  in  un  ullny  of  tin  'it  hi||h  incltiDg  point.  The  motor  i.ai 
a,  Hholl;  3,  urmiluro  short  circuiting  riEM:  4,  oil  ring;  6,  self-alir 
'I.  vudpc-r.arinalurF  bars;  8,  field  coUnO.fteWUmvtavionm^vVvt 
/I.eyebolt;  12.  Mator  locking  key;  iS.  Kmiliie  \amm».\.V>n»\  V 
fndplMte:  IS,  armBtura  locking  key;  16.  AiuV  c»TV  ". 'J^''*^ 
IB,  Bald  framot  SO,  ■quirrel  uga  •mature. 
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induction  motors  are  slightly  more  efficient  at  all  loads  than  two 
phase  motors  of  corresponding  size,  due  to  the  superior  distri- 
bution of  the  field  windings.  The  power  factor  Js  higher,espe(aally 
at  light  loads,  and  the  starting  torque  with  full  load  current  is 
also  greater.  Furthermore,  for  given  requirements  of  load  and 
voltage,  the  £imount  of  copper  required  in  the  distributing  system 
is  less;  consequently,  wherever  service  conditions  will  permit, 
three  phase  motors  are  preferable  to  two  phase. 


Fic.  l.ftM.— TesU'i  rotating  magnrtic  fioM.   The  figure  !■  fmin  one  of  Te«la'«  papen  aJ  aiven  in 
Tike  BlectTidan.  illuAtEatiaa  bow  &  i-Dtating  magnetic  field  nuy  be  produced  with  itiitionvy 

J  ..,.._.. ,_     The  illurtratioinhowislanimatedirOQ  ring  ove™™n(i 

BB,  each  occuppng  about  90*  of  the  petiphen 


maonetiaadpolyphaiecurTcata.    The  Qlutftral 

witt  (our  Bcparale  miJi.AA.iind  BB,  each  occupying  about  flO'  of  the  periphen'. 


d>  from  a  two  phase  alternator,  tba  pair  of  eoili  AA  being  i 

t  on  the  other.    The  nmltant  flux  may  be  obtained  by  combining  tne  twu  uubw  ub«  tu 

Ii  AA  and  BB.  taking  account  of  the  pb«M  diSenoce  of  the  two  pbaae  cnnnrti  U  in 


The  construction  of  an  induction  motor  is  very  simple,  and 
since  there  are  no  sliding  contacts  as  with  commutator  motors, 
there  can  be  no  sparks  durit^  operation — a  feature  which  adapts 
the  motor  for  tise  in  places  where  fire  hazards  are  prominent. 

The  motor  consists,  as  already  mentioneA.smvi^  <A.\-w<i"^s>»'- 
a/r  armaim^  and  field  mag«e*s,  tuitlumt  an^  eUrtriftoX  cotwwC**' 
^««wm  ^xr  parts.    Its  operation  dependA  -U-Via-. 
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1.  The  production  of  a  rotating  field; 

2.  Induction  of  current  in  the  armature; 

3.  Reaction  between  the  ^evolving  field  and  the  induced  currents. 


Pig.  1,655. — Method  of  obtaining  resultant  flux  of  Tesla's  rotating  magnetic  field.  The 
e^t  small  diagrams  here  seen  show  the  two  components  and  resiiltant  for  eight 
equivalent  successive  instants  of  time  during  one  cycle.  At  1,  the  vertical  flux  is  at 
-P  maximum  and  the  horizontal  is  zero.  At  2,  the  vertical  flux  is  still  +  but  decreasing, 
and  the  horizontal  is  +  and  increasing,  the  resultant  is  the  thick  line  sloping  at  46"  up- 
wards to  the  right;  At  3,  the  vertical  flux  is  zero,  and  the  horizontal  is  at  its  -t-  maximum, 
and  similarly  for  the  other  diagrams.  Thus  at  8.  the  vertical  flux  is  4-  and  increasing, 
while  the  horizontal  is  —  and  decreasing,  the  resultant  is  the  thick  line  sloping  at  45* 
upwards  to  the  left.  At  points  2,  4,  0,  and  8  the  increasing  fluxes  are  denoted  by  full  and 
the  decreasing  by  dotted  lines.  The  laminated  iron  of  the  ring  is  indicated  by  the  circles, 
and  the  result  is  that  at  the  instants  chosen  the  flux  across  the  plane  of  the  ring  is  directed 
mwards  from  the  points  1,  2,  3,  4,  etc.,  on  the  inner  periphery  of  the  iron.  There  will, 
therefore,  api^ear  successively  at  these  points  efTective  north  proles,  the  corresponding  south 
poles  being  simultaneously  developed  at  the  points  diametrically  opposite.  These  poles 
travei  continuously  from  one  position  to  the  next,  and  thus  the  magnetic  flux  across  the 
plane  of  the  ring  swings  round  and  round,  completing  a  revolution  without  change  of 
mtensity  during  the  cycle  time  of  the  current. 


Production  of  a  Rotating  Field.— It  should  at  once  be 
understood  that  the  term  **TOla\Atv^  ¥ie\^'^  ^c>q;^  tvo\,  ^v^\Vg  NJwaX. 
part  of  the  apparatus  revolves,  tVve  ex.^t^iss^otv  xcves^-s  x^\ssr^  \j^ 
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the  magnetic  lines  of  force  set  up  by  the  field  magnets  without 
regard  to  whether  the  latter  be  the  stationary  or  rotating  member. 

.  A  rotating  field  then  may  be  defined  as  the  resultant  magnetic 
field  produced  by  a  system  of  coils  symmetrically  placed  and  supplied 
with  polyphase  currents, 

A  rotating  magnetic  field  can,  of  course,  be  produced  by  spinning  a 
horse  shoe  magnet  around  its  longitudinal  axis,  but  with  polyphase  cur- 
rents, as  will  be  later  shown,  the  rotation  of  the  field  can  be  produced 
without  any  movement  of  the  mechanical  parts  of  the  electro  magnets. 


GLASS  PI  ATE 


HAGfiETIC 
NEEDLE 


Fig.  1,656. — Arapcn's  rotations.  The  apparatus  necessary  to  make  the  experiment  consists  of 
a  copper  disc  M,  arranged  to  rotate  around  a  vertical  axis  and  operate  by  belt  drive,  as 
shown.  By  turning  the  large  pulley  by  hand,  the  disc  M  may  be  rotated  with  great  rapidity. 
Above  the  disc  is  a  glass  plate  on  which  is  a  small  pivot  supporting  a  magnetic  needle  N. 
If  the  disc  now  be  rotatea  with  a  slow  and  uniform  velocity,  the  needle  is  deflected  in  the 
direction  of  the  motion,  and  stops  at  an  angle  of  from  20*  to  30*  with  the  direction  of  the 
magnetic  meridian,  according  to  the  velocity  of  the  rotation  of  the  disc.  If  the  velocity 
increase,  the  needle  is  ultimately  deflected  more  than  90*  and  then  continues  to  follow  the 
motion  of  the  disc. 


The  original  rotating  magnetic  field  dates  back  to  1823,  when 
Francois  Jean  Arago,  an  assistant  in  Davy's  laboratory,  dis- 
covered that  if  a  magnet  be  rotated  before  a  metal  disc,  the 
latter  had  a  tendency  to  follow  the  motion  of  the  ma^pat^  ^a. 
shown  in  fig.  290,  page  270  and  also  Vtv  f^^-  \,^^^.    "Tt^  f^'^^^ 
ment  led  vp  to  the  discovery  which,  viaa  TcvaAa\>^  ^^'^^^^^^^i^ 
whenheobserved  tliatthe  number  oi  osciUations>i)VacVwavrw^*» 
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ntedU  makts  in  a  given  time,  under  the  influence  of  the  earA's 
magnetism,  is  very  muck  lessened  by  the  proximity  of  certain 
metallic  masses,  and  GGpedally  of  copper,  which  may  reduce  the 
number  in  a  given  time  from  300  to  4. 


a  reprodiicfld  in  plan 


PB.  1,857.— Eipluwtion  of  Ango'a  roUtioni.    Part  of  fie.  l.esa 
FvuIav  warn  the  fint  id  aive  in  expluwlion  of  the  phenonieni 

thft  mntinn  nroducina  th*m;    the  action  ia   mcchaiucally  analogc  _„ 

lUting  over  a  copper  disc,  and  luppose  that  in  ona  of  iu 
ion  of  the  arrow  from  M  to  S.  In  approachina  the  point  S, 
a  current  in  the  opposite  direction,  and  which  th^reton 

Ixith  these  actions  concur  in  bringing  it  to  rest.  Again, 
n  from  M  IDwvdi  S,  and  that  the  magnet  ba  fined;  the 
poinu  Buch  aa  M  which  are  approaching  A,  and  wiUattmct 
1  the  motion  of  the  mtlal  Hlops,  as  in  Faiaday'i  e.po-iinent. 
iscbemovincficmi  M  toS,  MapproBcheaAindrepFUit, 

dynamic  action;  and  those  which  diminish  the  former  will  also  lessen  the  latter. 

The  explanation  of  Arago's  rotations  is  that  the  magnetic 
Jield  cutting  the  disc  produces  eddy  currents  therein  and  the 
fvacfian  deiween  the  latter  and  Uw  Jield  caitses  tV*  disc  Vi  Soa««i  {^ 


Si™,  let  A 

XS'S^S 

mOYing  away 

TS^^tl 

*-^g''™y" 

"^sA"^.: 
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The  induction  motor  is  a  logical  development  of  the  experiment 
of  Arago,  which  so  interested  Faraday  while  an  assistant  in 
Davy's  laboratory  and  which  led  him  to  the  discovery  of  the  laws 
of  electro-magnetic  induction,  which  are  given  in  Chapter  X. 

*In  1885,  Professor  Ferraris,  of  Turin  discovered  that  a 
rotating  field  could  be  produced  from  stationary  coils  by  nuans  of 
polyphase  currents. 


TWISTED  THREW) 


■d^M^'n'tl 


it  made  b?  Pfcraday  b „ 

:hat  lines  th«  proence  o[  a  metal  at  mi  iwi 

lorhood  of  a  mHEnet  at  m%  ought  tc ^ _. 

'  !d  a  cuSe  of  copper  b/  >  twiattd  tb>««d,  wbidb  V 
1  elociroouiBiiel.    "" — ""'"- — ^ ■-*■  *-  •"- 


■laL^'^e  mitc 


.    When  tba  tlinad  w 


fThis  discovery  was  commercially  applied  a  few  years  later  by 
Tesla,  Brown,  and  Dobrowolsky. 


*NoiB.— Walouley  ■ 

V.  who  flihibitod  a  mot ,  _  _,, 

ia  natad,  BOttl  Ptnarii  toalc  up  tha  mbitcl. 


/<yo«.-7TwIWapa(«tiiPtnia»,uirediiittw\J.a.\r»««'«**ii*2r"^SiS™ 
uJHi/rabue  udnnAm  moton,  u  ibey  wen  caUed.  wera  ^^luaA 
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The  prind^s  of  polyphase  molars  can  be  best  understood  by 
means  of  elementary  dk^rams  illustrating  the  action  of  ptAj* 
phase  currents  in  producitig  a  rotating  magnetic  field,  as  ei- 
plained  in  the  paragraphs  following. 

Production  of  a  Rotating  Magnetic  Field  by  Two  Vbam 
Currents. — Pig.  1,659  represents  an  iron  ring  wound  vith  ocnis 
of  insulated  wire,  which  are  supplied  with  a  two  phase  current 
at  the  four  points  A,  B,  C,  D,  the  points  A  and  B,  and  C  and  D, 
being  electrically  connected. 


PlO.  1.85S.— Production  nf  a  routing  maanctic  fieid  by  two  TihLis<'  currents.    Tlw  figure  repie 
^,J    rt"the "(wr'po'i'nis  A.  B.  r!  .ind"l>."  The  atiiun  ol'iln>  two 'iihuw  current  OQ  the  rim  in 

According  to  the  principles  of  electro-magnetic  induction,  if 
only  one  current  a  entered  the  ring  at  A,  and  the  direction  of 
the  winding  be  suitable,  a  negative  pole  ( — )  will  be  produced  at 
A  and  a  positive  pole  (+)  at  B,  so  that  a  magnetic  needle 
pivoted  in  the  center  of  the  ring  would  tend  to  point  vertically 
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Upward  towards  A.  Now  suppose  that  at  this  instant,  corre- 
sponding to  the  beginning  of  an  alternating  current  cycle,  a 
second -current  b,  differing  in  phase  from  tha  first  by  90  degrees, 
is  allowed  to  enter  the  ring  at  C.  As  shown  in  fig,  1 ,659,  when  the 
pressure  of  the  current  a  is  at  its  maximum,  that  of  the  current 
b  is  at  its  minimum;  therefore,  even  a  two  phase  current,  at  the 
beginning  of  the  cycle,  the  needle  will  point  toward  A. 


o  pola  tvD  f^hua  motor.   Th*  pc 


Pliue  A  wmdiiut  li  ■rannd  pdMl 
In  «ch  caae  tEa  pale^  %n  woand 

duciciff  ui]Kk«  polarity  in  oppoiitc  pole*.     Nov  during  one  cvcl«  of  the  two  phAH  curratt, 
the  foilovrng  change*  take  place,  itailing  with  pole  I  of  N  polarity  and  3,  of  S  poltntyi 


One  Cj-cle 

Degre« 

...^ 

00.  to  180. 

180*10  370. 

no-toseo" 

PoUfity 

IN-SS 

SN  -43 

«K-Y& 

^Jli:^ 
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©•  ^5*  90^  I35»  I80«  2E5«  270" 

Pig.  1,001. — Diagram  showing  resultant  poles  due  to  two  phase  current. 


•3*0* 


JPic.  1,062. — DUgram  of  two  phase,  six  p<>lc  fte\d  Vxivdm^.   tVvewi  «««>  %\xc»^>sv«MSK\.'\^Da3Hb. 
as  shown.    The  coils  of  each  phase  are  connected  Vn  wtrita,  aASac«^).  ^^  Xjcoj*  -^j^sew^ 
'n  opposite  senses,   thus,  for  each  phase,    firaX,  ouo  cov\  '\a  -wouxA  c^oOi?m«fc^  »aA.  >aa^ 
next  counter  clockwise. 
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As  the  cycle  continues,  however,  the  strength  of  a  will  diminish 
and  that  of  b  increase,  thus  shifting  the  induced  pole  toward  C. 
until  b  attains  its  maximum  and  a  falls  to  its  minimum  at  90° 
or  the  end  of  the  first  quarter  of  the  cycle,  when  the  needle  will 
point  toward  C.    At  90",  the  phase  a  current  reverses  in  direction 


gmupg;  aavx  ug  neia  compieua  one  Tcroiuiioa  m  Bgni  uionHioni  ai  cunmi. 

and  produces  a  negative  pole  at  B,  an.4  as  Vis  ^.-utewfi^'vasr^easRa. 
from  90"  to  the  180"  point  o£  the  cyde.  a-'cA  -OQaX  "^  ■■^MaE^'' 
dimimsb^,  tie  resultant  negative  pdVe  is  ^tal\«^ -^asS.  O  "«*«' 
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B,  until  a  attains  its  maximum  and  b  falls  to  its  minimum  at 
180°,  and  the  needle  points  in  the  direction  of  B. 

At  the  180°  point  of  the  cycle,  b  reverses  in  directaon  and  pro- 
duces a  negative  pole  at  D,  and  as  the  fluctuation  of  the  pressure 
of  the  two  currents  during  the  second  half  of  the  cycle,  from 
180^  to  360°.  bear  the  same  relation  to  each  other  as  during  the 
first  half,  the  resultant  poles  of  the  rotating  magnetic  field  thus 
produced  carry  the  needle  around  in  continuous  rotation  so 
long  as  the  two  phase  current  traverses  the  windings  of  the  ring. 


>b«l  coincida.    Wl 

tzujjDetic  field  ia  in  1 
eoifi  hu  the  effect  of 


OD  of  a  rotary  nugneti 
g  a  drawing  of  tne  n 
g  angular  posilions,  indieatinB  i 
.d  K^Eether  so  that  the  a3i«  u 


:  fidd.    AmualNr 


Production  of  Rotating  Magnetic  Field  by  Three  Phase 
Current. — A  rotating  magnetic  field  is  produced  by  the  action 
of  a  three  phase  current  in  a  manner  quite  similar  to  the  action 
of  a  two  phase  current.  Fig.  1 ,685  shows  a  ring  suitably  wound 
sud supplied  with  a  three  phase  cuirerA  at,  ftnea  \«a&a  ti.,'^,^, 
120"  of  &  cycle  apart. 
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the  magnetic  needle  will  point  towards  A. 


ABC  w 

phase  winiiinsa  are  differently  lin«l. 

.  wire,  thouHh  Ihis  is  not  nbso- 
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As  the  cycle  advances,  however,  the  mutual  relations  of  the  fluctu- 
ations of  the  pressures  of  the  three  currents,  and  the  time  of  their 
reversals  of  direction  will  be  such,  that  when  a  maximum  current  is 
flowing  at  any  one  of  the  points  A,  B,  and  C,  two  currents  each  of  one- 
half  the  value  of  the  entering  current  will  flow  out  of  the  other  two 
points,  and  when  two  currents  are  enterLig  at  any  two  points,  a  current 
of  maximum  value  will  flow  out  of  the  other  point.  This  action  will 
produce  one  complete  rotation  of  the  magnetic  field  during  each  cycle 
of  the  current. 


which  wtt 
each  tr>  Ih 


i  be  th«  angulAT  velocity  with  a  bi-polnr  field  at  thini  perio 

d  Grarnme  riruj  tapped  at  twelve  pointft.  ^mwiA\ft>.  .. 
mains,  wmild  five  tin  ewlit  po\e  ttrtaiv  Mlft.  \ti  >i[ivi ' 
-'pcupuwiWithMchndBait^btiiM^tc > -"" 
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Slip. — Instead  of  the  magnetic  needle  as  was  used  in  i1m 
preceding  figures,  a  copper  cylinder  may  be  placed  in  a  itAatinG 
magnetic  field  and  it  will  be  urged  also  to  turn  in  the  same  dino 
tion  as  the  rotation  of  the  field. 


Pig.  1,7Q0. — Ditsnm  of  three 

""""MCB  of  plUKB  ■-    *°'' 


r/w  torque  tending  to  turn  the  cylinder  is  due  to  the  induction 
of  currents  of  opposite  polarity  in  the  cylinder. 

For  simplicity,  the  rotating  magnetic  field  may  be  supposed 
to  be  produced  by  a  pair  of  magnetic  poles  placed  at  opposite 
sides  of  the  cylinder  and  revolved  around  it  as  in  fig.  1,71.0. 
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Now,  for  instance  in  starting,  the  cylinder  being  at  rest  any 
element  or  section  of  the  surface  as  the  shaded  area  A  B,  will, 
as  it  comes  into  the  magnetic  iidd  of  the  rotating  magnet,  cut 


'rotating  nUBiietLc  field"  vhlch  u 


illlnduce , 

132,  page  133).     Ther 
isABpa-uesthecenter  the  Induced  pi 


1DTT1  (see  (iff.  21>1.  pa^  27U.    Applyin 
jtrents  (see  fig.  IIB.  pam,  UTl  il  will  t 
ic  side  or  the  cylinder 
>waid  wblch  Iho  mag- 


/  for  Inauctlon  motor 
italing  a  munet  aa  ihown.  In  stAitfau, 
-  ■• '-  iweptby  the  6eld  will  cut  maraetK 

.  ...  — ._..  t lyina Flem- 

oftha  field 
ure  alonsf  AB  is  creater  than  alone  eloIHif 
,giy  a  pair  of  eddy  cnrrent*  will  nnilt  ai 
riffht  hand  rule  fcr  polar' 
1  that  a  S  polo  !■  Inducei 


pole  br  the  eddy 

„  ,, n _, induct  pole  on  Uie  i 

by  the  induced  polo  on  the  approuchmg  aii 

.     The  velocity  with  which  it  ttimidependt 

...an  the  magnet,  in  order  that  its  elements  may  cut  magnetic  Ibiea  and  IcduL- 

poles  to  produce  the  necenary  torque  to  balance  the  load.     The  dlfferenee  In  apaed  of 


!n.  Is  allraiM  in  the  direction 
;  aide,  and  ttptilfd  In  the  aame 
coTdiagly.  Uie  cylinder  bcgina 
■"  load:  It  must  alwaya  tr— 


._   _..  Iscalled  the  ilif.     Evidently  the  sreater  UwV<k&. 

1>  the  ellp  required  to  induce  polfa  of  tufBclenX  iWaapi  * '-■-^' "''*' 

£sun  il  dtavs  icmBirliatdiftortid,  ■>  that  botbaUlM 


IX  Mraiupltt  Vi  i&^n.\a!e\  « 
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magnetic  lines  *"* 
foroeindudng  acnr- 
rent  therrin,  whose 
direction  is  easly 
determined  by  ap- 
plying Ftennng'S 
rule. 

Since  the  field  it 
not  unifonn,  but 
graduaUy  weakens, 
as  shown,  on  eitho 
side  of  the  shaded 
area  (which  is  just 
passing  the  center), 
the  pressure  induced 
on  either  side  will 
be  less  than  that 
induced  in  the  shad- 
ed area,  giving  rise 
to  eddy  currents 
{as  illustrated  in 

fjure  _Io  Older  to  (void 
corfu'ion  i"  •PPll™«  ^]«^ 


riRht.  iHat  ia.  counter 
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fig.  291,  page  271).  These  eddy  currents  induce  poles  as  indi- 
cated at  the  centers  of  the  whorls,  the  polarity  being  determined 
by  applying  the  right  hand  rule  (fig.  119,  page  117). 

By  inspection  of  fig.  1710,  it  is  seen  that  the  induced  pole  toward 
which  the  magnet  is  moving  is  of  the  same  polarity  as  the  magnet; 
therefore  it  is  repelled,  while  the  induced  pole  from  which  the 
magnet  is  receding,  being  of  opposite  polarity,  is  attracted.  A 
torque  is  thus  produced  tending  to  rotate  the  cylinder. 

It  must  be  evident  that  this  torque  is  greatest  when  the  cylinder 
is  at  rest,  because  the  magnetic  lines  are  cut  by  any  element  on 
the  cylindrical  surface  at  the  maximum  rate. 

Moreover,  as  cylinder  is  set  in  motion  and  brought  up  to  speed, 
the  torque  is  gradually  reduced,  because  the  rate  with  which  the 
magnetic  lines  are  cut  is  gradually  reduced. 

Ques.    What  is  the  essential  condition  for  the  operation 
of  an  induction  motor? 

Ans.  The  armature,  or  part  in  which  currents  are  induced,  must 
rotate  at  a  speed  slower  than  that  of  the  rotating  magnetic  field. 

In  the  elementary  induction  motor,  fig.  1,710,  the  cylinder  is  the 
armature,  and  the  rotating  magnets  are  the  equivalent  of  a  rotating 
magnetic  field. 

Ques.     What  is  the  difference  of  speed  called  ? 

Ans.     The  slip, 

Ques.  Why  is  slip  necessary  in  the  operation  of  an  in- 
duction motor? 

Ans.     If  the  armatiu-e  had  no  weight  and  there  was  no  friction 
offered  by  the  bearings  and  air,  it  would  revolve  in  synchronism 
with  the  rotating  magnetic  field,  that  is,  the  slip  would  V«i  iiet^N 
but  since  weight  and  friction  are  alwavi^  ^t^sisc^  ^^xA  ^:ssvs^«i»Q&^ 
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a  Email  load,  its  speed  of  rotation  will  be  a  little  less  than  tjom  tl 
the  rotating  magnetic  field,  so  that  induction  will  take  place,  in 
amount  sufficient  to  produce  a  torque  that  will  balance  the  load. 


jDuiTfltMFoP 


taCKVKM 


1.719.— General  Eletlric  verticsl  tvpe  induclion  motor 

sectional  view  showin«  oU 

CQupling  should  lie  used  lo  prevent  additional  weight  co: 

lay  noiile  and  is  forced  by  its  velocity  at  a  hioh  pressu 

c  through  the  oil  pipe  into 

ghoUbeituiBt 

Ques.    How  is  Blip  e^>reBsed  ? 

Ans.     In  terms  of  synchronism,  ttiaX  vs,  as  a.  ^wc«K*a%«.  cS.  -Cisa 
speed  of  the  rotating  magnetic  fifiiA. 
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The  slip  is  obtained  from  the  following  foimula: 

Slip  (rev.  per  sec.)  -  Sj.— Sa 


(Sf  — &,)  XlOt 


Sf  ~  Synchronous  speed,  or  R.P.M.  of  the  rotator/  magnetic  field; 

Sa  =  Speed  of  the  arnwtur& 


Via.  1,730. — 'Triumph  back  geared  [>Ql)^ti^  iaductioa  motor,  A  gr^At  maay  applioBtkniij 
tapeciallr  lor  direct  attachment,  require  the  uh  of  either  ft  vw7  tlow  or  (pseial  IpMd 
motor.  A*  thtw  an  quite  coitly.  the  preFerable  omnnaeot.  and  one  eqiull]'  u  M,tit- 
factory,  ia  the  uae  of  a  Btandard  speed  motor  combined  with  a  back  ^eand  attacbauot* 
Rairhide  pinina)  are  fiunialied  wheaevtr  pOMible,  ■""■■■""g  miMth  runuuc  with  a  mini- 


e  as  for  synchnmotis 


.^ 


Sf- 
whore 

S/  -  Synchronous  ^peed  or  R.P.M.  ol  &6io\a&Mt'"»"W**^^'*^''' 

P  —  Muuber  of  poles; 
/  —  freqaeacy. 
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^  The  following  table  gives  the  S3mchionous  speed  for  various  frequen- 
cies  and  different  numbers  of  poles: 

Table  of  Synchronous  Speeds 


Frequency 

R.P.M.  of  the  rotating  magnetic  field,  when  number 

of  poles  is 

2 

6 

10 

16 

20 

24 

25 

60 

80 

100 

120 

125 

1,500 
3,600 
4,800 
6,000 
7,200 
7,500 

500 
1,200 
1,600 
2,000 
2,400 
2,500 

300 

720 

960 

1,200 

1,440 

1,500 

188 
450 
600 
750 
900 
938 

150 
360 
480 
600 
720 
750 

125 
300 
400 
500 
600 
625 

Ques.    How  does  the  slip  yary  ? 

Ans.  It  varies  from  about  1  per  cent,  in  a  motor  designed 
for  very  close  regulation  to  40  per  cent,  in  one  badly  designed, 
or  designed  for  some  special  purpose. 

Ques.    Why  is  the  slip  ordinarily  so  small  ? 

Ans.  Because  of  the  very  low  resistance  of  the  armature, 
very  little  pressure  is  required  to  produce  currents  therein,  of 
sufficient  strength  to  give  the  reqtiired  torque.  Hence,  the 
necessary  rate  of  cutting  the  magnetic  lines  to  induce  this  pres- 
sure in  the  armature  is  reached  with  very  little  difference  between 
the  field  speed  and  armature  speed,  that  is,  with  very  little  slip, 

Ques.    How  does  the  slip  vary  with  the  load? 

Ans.    The  greater  the  load  the  greater  the  slip. 

In  other  words,  if  the  load  increase,  the  motor  will  run  slower,  and 
the  slip  will  increase.    With  the  increased  slip,  the  induced  currents 
and  the  driving  force  will  further  increase,    ll  tVvt  ts^Aw^  \sfc.  ^^^  ^«»- 
^gned  so  that  the  iSeld  strength  ia  consXaa^u  wA  \}c«i  \a%  ^V  '^^.^^;^ 
ttnv  currents  ia  small,  the  driving  iorce  dev^ov^  <^^  ^^^^^^^^SC^^^"^ 
portipnal  to  the  slip,  that  is  the  sXip  ^w^  Vncroasfc  toX^^k:^^^^ 
toM/isiflc»«a«x|,  so  that  the  lorewe  wmbe  vtogo^^ 


I  HAWKINS  BLBCTXICirr 

Acoofidiiis  to  Wttncr,  the  dip  vaiisfl  uxordiiiff  to  tii^^  foDoiriiic  tftUe: 
SUP  OP  INDUCTION  MOTORS 


^fel^ 

^p  at  full  lead 
per  cent. 

rf*^ 

SUp  »t  full  Umd 

peront. 

H.P. 

UmiollimiU 

Average 

H.P. 

UBulfimit. 

Avnce 

1/8 

20  to  40 

30 

15 

5  toll 

m 

10  "  30 

20 

20 

4  "  10 

1/2 

10  "  20 

15 

30 

3  "    9 

1 

8  "20 

14 

50 

2"    8 

2 

8  "  18 

13 

75 

1  "    7 

3 

8  "  18 

12 

100 

1  "    6 

3.6 

5 

7  "  15 

11 

150 

1  '■    5 

7i 

6  "  14 

10 

200 

1  ■'    4 

2.5 

10 

7  "  12 

9 

300 

1  "    3 

~  1),  \bta  K  iiiU.  Kvi&V^hA  ilio  fn  n 
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Ques.    Describe  one  way  of  measuring  the  slip. 

Ans,  A  simple  though  rough  way  is  to  observe  simulta- 
neously the  speed  of  the  armature  and  the  frequency,  calculating 
the  slip  from  the  data  thus  obtained,  as  on  page  1,315. 

This  method  is  not  accurate,  as,  even  with  the  most  carefitl  readings, 
large  errors  cannot  be  avoided.    A  better  way  is  shown  in  fig.  1;736. 


ETolution  of  the  Squirrel  Cafte  Armature. — In  the  early 

experiments  with  rotatingniagneticfields,copper  discs  were  used; 
in  fact,  it  was  then  discovered  that  a  mass  of  copper  or  any  con- 
ducting m£tal.  if  placed  in  a  rotating  magnetic  field,  will  be  urged 
in  the  direction  oj  rotation  oj  the  field. 

'  Ferraris  used  a  copper  cylinder  as  in  figs.  1,710  and  1,738, 
which  was  the  first  step  in  the  evolution  of  the  squirrd  cage 
armattire.  The  trouble  with  an  armatiu^e  of  this  kind  \&  •ihaS. 
there  is  no  definite  path  provided  lor  t\ubVQ&'a»t:i^^3u:mGsa~ 


^CALLED  SauiRREL  (Jk6E 
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iiie  iTharpciJgcsof  the  tfelh.     Thr  i 

(ifupnialiliiiign.  TheWraar.'prMwd  mlohnlM  nunch(dmV!ieBTAiw«o..i^ 

19  inca  protected  from  oirrciion  by  being  flipv™  w  a  wAfter  \>a.'fti.    ^V.b\i 

bud  from  tha  Iroa  ot  the  con  b]r  fibre  cell  nio'iKlm*  l«^mA^-'t*  wA  r».  ™«^ 
«<.»m>ia.Um)  >fte  jhort  circuilinB  ring.  »t<  «t  w>me  «*«*-i>^'^J^rf^Tj 
WTR  /n  1A«  mr  tbe  b.r>  between  the  «^  «nA  V>%e  i\n»  *«  •»  ^^S^^^^l^ 
moirer,  tarmgrn  Urge  voloma  of  aii  Uuousb  Ibr  fkV4  wiOa  ma4-"««.'»»****^' 
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Obviously,  a  better  result  is  obtained  if ,  in  fig.  1,738,  thedons- 
ward  retumii^  currents  oi  the  eddies  are  led  into  some  path 
where  they  will  return  across  a  field  o£  oppo^te  polarity  baa 


Fio,  1.745.— Ml 


m  bladea  for  fotcins  air 

.  smallelt  iitM  tlw  loaicB- 

pnipcrK-  machined  to  hold  them  nmit. 

The  ends  of  the  inductors  are  turned  dmn  somrwliat  smaller  than  the  boilv  (ad  fit  ta 

fco/M  in  the  end  rings.    The  shouldp[ttiuston™a?v«^™i\-)  asaw.*.  •&««*. Ahi^  Qogd 

electrical  contact  is  obtained  by  enTundma  It.-:  ■mSicW.!!  iivx't*  wxi™a-B^«i.  li^'Suv 

armattirfs  both  bars  and  end  rings  are  at  i«\ans-A«  cm»  wittna,  ■&*  ■^«*  Wi  *.i» 

being  tasteaed  by  flMCt>)i)e  Hed  C»P  iciB'"*. 
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that  across  which  they  ascended,  as  in  such  case,  the  turning 
effect  will  be  doubled.  Accordingly  the  design  of  fig.  1,738  was 
modified  by  cutting  a  number  o£  parallel  slits  which  extended 
nearly  to  the  ends,  leaving  at  each  end  an  uninterrupted  "ring"o£ 
metal.  This  may  be  called  the  first  squirrel  cage  armature,  and 
in  the  later  development  Dobrowolsky  was  the  first  to  employ 
a  built-up  construction,  using  a  number  of  bars  joined  together 
by  a  ring  at  each  end,  as  in  fig.  1,740,  and  embedded  in  a  solid 


n  thin  sheet  «t«l  ta 

^  Ana  *rB  rigidly  cliunped  together  * 

are  minchftd  m  the  outer  peripT 

Ltgal  force  is  carried  by  the   indi 

aucion  are  Kt  Rifle  oq,  ana  are  riveted  and  soldered  into  reeiitance 

vuiea  to  force  air  thronch  the  eoil)  for  veotUktion. 

mass  of  iron,  as  in  fig.  1,741;  he  regarding  the  bars  merely  as 
veins  of  copper  lying  buried  in  the  iron. 

A  solid  cylinder  of  iron  will  of  course  serve  as  a.n  armature,  a&^\.=A 
magnetically  excellent;  but  the  high  aped&c  Tca«aacft,  "AKtiMi.  -^xtsiw** 
the  flow  of  induced  currents  takins  pWe  suffidwiSv^  taas^iwiA.iN'c^^ 
a  solid  cylinder  of  iron  is  improveiby  SttrtcmnaiTii'A-wv'fi^^^'^^  > 
a^per,  or  by  a  Bqturrel  cage  Of  COppet  \wra  OStfe  *4-  ^?**'* 
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Tbi  rinc  in  wdiUd 
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embedding  rods  of  copper  (short  drcoited  together  at  their  ends  with 
rings)  in  holes  just  beneath  its  surface.  However,  since  all  eddy  currents 
that  circle  round,  as  those  sketched  in  &g.  1,738,  are  not  BO  efficient  in 
their  mechanical  efTect  as  torrents  confined  to  proper  paths,  and  as  they 
consume  power  and  spend  it  in  heating  effects,  the  core  was  then 
constructed  with  laminations  lightly  insulated  from  each  other,  i 


PLATES — ^ 

■ 

■ 

,   HUB {  -^ 

] 

1 

1          ' 

Kss; 


t>  of  a  hub  provided  irith  fc 


Us  very  tightly  on  ths  ihaft,  and  a  ]ay  u 
he  cnre  disks  an  clamped  firmly  in  dUm 
pmt;a  up  and  held  by  the  bolti.  Theie 
langcr  of  their  giving  riK  tu  eddy  current*, 
uri.i.iti  u..  the  tpider  but  alw  ensuns  ihe  >ILn«n«it  of 
teeth  form  Huoolh  slots  when  the  c< 


Fig.  1,744  shows  a  modern  squirrel  cage  armature  conforming  to  the 
latest  practice,  other  designs  being  illustrated  in  the  numerous  accom- 
I>anying  cuts. 

In  the  smaller  sizes,  the  core  laminae  are  of  the  solid  type  as  shown 
in  fig.  1,745,  but  for  larger  motors  the  core  consists  of  a  spider  and 
segmental  discs  as  shown  in  Sks.  1,750  and  1,751. 

Fig.  1,748  shows  a  soldered  form  of  cud  rinscotisWiis:\.vOTi.,-».'r\i%^» 
1.753  and  J,753  the  method  oE  wel^n^^h«ett4vvtt^\Jii^.>a&■w&ssK^J3tv 
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The  Field  Magnets. — The  construction  of  the  field  m^^nets, 
whidi,  when  energized  with  alternating  current  produce  ttie 
rotating  magnetic  field,  is  in  many  respects  identical  with  the 
armature  construction  of  revolving  field  alternators. 


■■  tha  V-dupe  Inipectfan  v^' 


'^i^^^^ii.'^y^ 
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Broadly,  the  field  magnets  of  iuductioa  motors  consists  of: 

1.  Yoke  or  frame; 

2.  Laminae,  or  core  stampings; 

3.  Winding. 


Ques.    What   is  the  construction  of  the  yoke  and 
laminae? 

Ans.     They  are  in  every  way  similar  to  the  armature  frame 
and  core  construction  of  revtrfving  field  alternators. 

Field  Windings  for  Induction  ^otOTO.— '^V'a^  "^"^^^.^^^J 
iags  of  induction  motors  are  almost  ei-wa.-^  ToaAa  ^»  -^^nfts 


1^8 
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Ip^^eSi 


^^■ssssnurs^ 


_,  _  _  bjr  tuny  nii«i  lAUa  aada  hydraulic  i. 

■nbjected  to  a  ipcckl  iiuulatiiie  pn>c«M.  whidi  ff 
jxriMon,  and  capaUe  of  opcntiDS  without  b — ^ 

mp  (at  taXtiiMXf  moton.    TSo  bMnng  bncketi _  .. . 

id  tlw  niDtr  end  bncliet  and  beariogi  of  all  liiei  an  anlit  to  fKOiUt*  ranonl  o(  (ki 
lor  udconplete  Intpeclion.  _  ThcH  machinea  mnge  in  aiu  from  SO  to  IQO  bont  pa«*r. 


Pig,   I.7E£.— Wagner  Kjuirrcl  cage  armature  for  pol^^haK  induction  motor,  ai  «npla>ed  of 
are  bar  inductors,    ventilalina  pBisage?  Ihruugh  the  core  laminae,  riveted  ctmnectioi 


iag  ihtin  dom  ia  a  latbe.  tbercby  iocieumc  th«  raittuica  and  lUctinB  totqM- 
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more  than  two  poles  in  order  that  the  speed  may  not  be  un- 
reasonably high.    This  will  be  seen  from  the  following; 


(]uency    remaining    the    same,    N  =  60  X  100  -I-  10  -  600,      Hence, 

ia  design,  bjr  increasing  the  number  of  pairs  of  poles  the  speed  of  the 
motor  IS  reduced. 

Ques.    State  an  objection  to  very  hifth  speed  of  the 
rotating  field. 

Ans.     The  more  rapid  the  rotation  of  the  fielA,  t^%  •^^a&^K'^Ei. 
the  starting'  difficulty.  1 
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Ques.  Besides  employing  a  mul^dlidQr  ctf  polea,  vAat 
other  means  is  used  to  reduce  the  speed? 

Ans.    Reducing  the  frequency. 

Ques.  What  dlflOculty  is  encountered  with  low  fre- 
quency currente? 

Ans.  If  the  frequency  be  very  low,  the  current  would  not  be 
suitable  for  incandescent  lamp  lighting,  because  at  low  frequency 
the  riae  and  fall  (tf  the  current  in  the  lamps  is  peroeptiUe. 


placed^  to  pnjtect  them  frcm 
_  ^..  .__  a  path  fat  the  mignetie  flojl 
isuHng  a  better  diitribution  of  tha  Sui 


Ques.  What  is  the  general  character  of  the  field 
winding? 

Ans.  The  field  core  slots  contain  a  distributed  windii^  of 
substantially  the  same  character  as  the  armature  winding  (tf  a 
revolving  field  polyphase  alternator. 
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Ques.    Are  the  poles  formed  in  the  usual  way? 

Ans.  They  are  produced  by  properly  connecting  the  groups 
of  coils  and  not  by  windings  cont^ntrated  at  certain  points  on 
salient  or  separately  projecting  masses  of  iron,  as  in  direct 
current  machines. 

Ques.    How  are  the  coils  grouped? 

Ans.    Three  phase  windings  are  usually  Y  connected. 


Fio.  1.7SB.— WMiBmElnctrfc-.-. 
-  ban  embfdilcd  in  tha  iloU  of  a  whl 
lud  loklered  to  hc&vy  copper  ringB. 


Oues.    What  other  arrangement  Is  sometimes  used? 

Ans.    In  some  cases  Y  grouping  is  used  for  starting  and  A 
grouping  for  running. 


Starting  of  Induction  Motors.— It  must  be  evident  that 
if  the  field  winding  of  an  induction  motor  whose  armature  is  at 
rest,  be  connected  directly  in  the  circuit  without  using  any 
starting  device,  the  machine  is  placed  in  the  same  condition  as  a 
transformer  with  the  secondary  short  circuited  and  tta  -sjcsssas^ 
connected  to  the  supply  circuit.   OwmftVi^ibaNerjNsswt 


i:8S2 
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at  the  annature,  the  mwMne,  unlaw  it  be  of  very  small  kx, 
•would  probably  be  destroyed  by  the  heat  generated  befote  it 
could  o(»ne  up  to  speed.  Acoordin{^y  some  £onn(tf  starting  device 
is  necessary.    There  are  several  methods  o£staitiiig^«s  with: 

1.  Remstances  in  the  fidd; 

2.  Auto>trans£omier  or  oompeotttor; 
8.1 


W     SL^. 


FlK  LTBO. — HolMf  C4lxa  combiaa^on  polyphus  inducti 
faiuna  •nd  thrao  rotorsi  i.  Bquirrel  cage  aimaturt.  2. 
Th«  net  it  inlcnded  for  school  demOfutration  o(  in<lui:l 

pn  btSie  t«U  wUl  mhow  its  eiccptionKlly  stro ---:— 

line  »nd  driven  above  eynchionous  Bp«3  b> 


,X" 


■ve  Um  of  expcrimi 
the  IwMi  of  prnent  e 
alternator  tn  the  i 


oriation  of  spenl    Thtuwii 

ed  with  Ihii  phase '■ ' ■■■ — "■■ 

The  phase  wouni 


ra^  aloof 


Ques.    Explain  the  method  of  inserting  resistances  In 
the  field. 

Ans.    Variable  resistances  are  inserted  in  the  drcuits  leo^ng 
to  tbe  £eld  nu^iDeta  and  mediBmcaU.'^  »n«xt^^  ia  that  the 
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re^tances  are  varied  simultaneously  for  each  phase  in  equal 
amounts.  These  starting  resistances  are  enclosed  in  a  box 
similar  to  a  direct  current  motor  rheostat. 

Ques.    Is  this  a  good  method  ? 

Ans.  It  is  more  economical  to  insert  a  variable  inductance 
in  the  circuit,  by  using  an  auto-transformer. 


Polyphua  induction  mol 
lit  irilE  u  ordinsry  .witch, 


B  ituud  by 
however,  the  fltartiiiji  tcrque 


ticall/  reached  their  operatinff  Bpced.     The  Egurc  shot 

«b^  having  only  a  bnale  windioR  for  both  priniary  and  Kcondary. 

CCTtAin  pointa  by  Bwitchefl.  thus  dividing  the  winding  ijitt  ""'" " 

of  Kveral  voltaflea  may  be  applied  for  Parting,  and  the  i 

tba  work  that  bu  to  be  perdnrncd.    At  the  highest 

&i  tbe  fall  premiR,  and  at  the  lowest  points,  the  1o^ 

by  tha  tn)eimtio&  cf  the  main  nriich  Mi    This  switcl 

when  thrown  to  the  left  u  indicated,  it  conned 

acroM  ths  dicuit*  A  uid  B  mpectively.  to  that  ine  prnn 

caiU,aBdetenDiiiedbytbapoationof  theflwitchoSand  S'.iaai 

AandB.  The  Intosiedikte  portion  of  the  iwitch  M  internipti  1 .. 

- — '-r,  tJiB  nritch  M  ia  thnnm  to  tba  left  ud  4  reduced  preasuie  applied;  after ' 

'"'-^  — -■ ' ■  »»■-  iwitch  M  ii  thrown  to  the  n^t.  thiu  ct 

IT  directly  to  the  drcuit.     The  itartinfl  1 

>  iiutall  the  moton  n^  nior   ^ 


of  loop!,  » that  one 

...„  ...Clue  thua  adjusted  t/> 

a  tapptd  by  the  switches  8,  mhI 

I  four  blades  and  threepoaitions. 

le  Buto-tranifonnera  T  and  T'. 

preHure  acroB  the  tnuiif  onner 

iplied  to  Uie  motor  circuits 


bw  Kaitcd  and  oc 
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Ques.  What  is  the  auto-trancfonner  or  ctrnqMOMln 
method  of  startinft? 

Aas.  It  consists  of  reducing  the  pressure  at  the  field  to- 
minals  by  interposing  an  impedance  coil  across  the  supply  drent 
and  feeding  the  motor  from  variable  points  on  its  vrindinga 

THREE  PH*SC 

INPUCTION 

MOTOR 


onnectiona  for  three  tihua  bi 

'h  is  thmvn  owr  to  atartliw  p 
)uah  An  buti>tr«Eufoma,  which  i 

I  the  large  lUrtingei 


»  speed  on  the  reduced  vi 
iluinD  the  full  line  volUge 
It  thev  will  be  in  c 


ID  cba  (tuting  poiitiDu,  when  they  might  be 

Internal  Resistance  Induction  Motors. — The  armature 

of  this  type  of  induction  motor  differs  from  the  squirrel  cage 
variety  in  that  the  winding  is  not  short  circuited  through  copper 
rings,  but,  in  starting,  is  short  circuited  through  a  resistance 
mounted  directly  on  the  shaft  in  tha  interior  of  the  armature. 

When  the  motor  is  thrown  in  circuit,  a  very  low  starting  current  is  drawn 
from  the  line  due  to  the  added  resistance  in  the  armature.  As  Uie  motor 
comes  up  to  speed,  this  resistance  is  gradually  cut  out,  and  at  full  need 
the  motor  operatea  as  a  squirrel  cage  motor,  wi  th  short  circuited  vritiiiing 

'SOTE, — The  (»nltructloa  of  Btuting  devieei  tor  i^ductiotv  im 
■■ ' M  MTring  mmly  M  bUttXBUa  M 
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Ques.  How  Is  the  resistance  gradually  cut  out  In 
Internal  resistance  motors? 

Ans.  By  operating  a  lever  which  engages  a  collar  free  to 
slide  horizontally  on  the  shaft.  The  collar  moves  over  the 
internal  resistance  grids  (located  within  the  armature  spider), 
thus  gradually  reducing  their  value  until  they  are  cut  out. 


^. 


no.  1.763. — View  of  Mmaturo  inltrior  of  W»«i*T  palyphue  induction  motor  with  wonnd 
a  vertical  "conimutatur"  so  called.    Iniide  the  armature  bk  two  governor  weighu.  which 

Ques.    For  what  size  motors  is  the  internal  resistance 
method  suited? 

Ans.    Small  motors. 

Ques.    Why  is  it  not  desirable  for  large  motors? 

Ans.  The  excessive  I*R  loss  in  the  resistances,  if  confined 
within  the  armature  spider,  would  produce  consideTafc.V^Vs«2««oit» 
and  on  this  account  it  is  best  placed  eiiierosi.Vi'Ostfi'a^'*'^- 


1,886 


BAWKiNS  BLBcnaarr 


Ques.    On  what  dflss  of  circuit  are  Internal  ntfatum 
taotom  detlraUe? 

Am.    Oa  circuits  devoted  to  lighting  service  as  well  as  pom 
service,  where  a  high  degree  of  voltage  regulation  is  essential. 


aHow  onlj  rMUtaaoe  type  ot  fn-im^iji  mobv  to  bo  tmd  oa  flMir  litn 


Fic.  t.Tfl4.— Wettcrn  Bkctric 


External  Resistance  oi  SUp  V^^<&  Motnn. — In  larga 
machines,  and  those  which  must  tutv  aX  NsrvsLXAa  ^i^eeA^  «4Sa.%* 
IS  required  in  the  operations  ot  ctaaea,  Vqiex^,  «a«A4«^«*^,--*.-ii 
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tdvisabte  that  the  regulating 
■esistances  be  placed  exter- 
lally  to  the  motor.  Motors 
[laving  this  feature  are  com- 
nercially  known  as  slip  rln^ 
no  tors',  because  connections 
are  made  between  the  external 
Ksi stances  and  the  armature  in- 
iuctcrs  ty  means  of  slip  rings. 
Ao  with   the  internal  re- 


Pkl  1,77(11 — Rfcbmopd  iMp  ring : 


bfi«.  1.770. 

Ques.  How 
Is  the  arma- 
ture winding 
connected? 

Ans.  It  is 
connected  in  Y 
grouping  and 
the  free  ends 
connected  to  the 
slip  rings,  leads 
going  from  the 
brushes  to  the 


sistance  motor  the 
armature  winding  of 
a  slip  rii^  motor  is 
not  short  circuited 
through ■ copper 
rings  in  starting, 
but  through  a  re 
ance,  which  in  this 
case  is  located  ex- 
ternally. 
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variable  external  resistances,  these  bdng  ilhutrated  in  fig.  1,711 

Single  Phate  Inductloii  Moton.— Tho  geaeral  utility  of 
angle  phase  mottn^,  particularly  the  ''"■H'*'  mses,  is  constantir 


PlM.  1,773  to  1.778.— Sprague  akclctnn  typo  mt._. 

Pig.  1.777.  plain  Bcimirel  case  aimalure;    fin.  1,778.  ..  .  .  . 

1.773  slip  ring  Brmature.  In  the  conatraction  of  ihe  plain  Bjuirrel  can  anucare.  %.  1.777. 
copper  bare  are  inserted  in  the  slots  of  the  core,  and  arc  insulaltcl  from  the  core  by  en- 

an  ihort  circuiltd  at  their  ends  by  copper  ring*.  These  rings  are  thin,  but  of  eonaidenhle 
radial  depth  and  art  held  apart  by  spacing  washers.  They  have  rectangular  hole*  piincbed 
DCAT  their  outward  periphery,  through  which  the  pmiaturp  bars  past,  and  to  which  they aie 
ioldered.  The  internal  resistance  armature,  fia.  1.778.  is  provided  with  «  phaw  winding, 
■tarting  f  internal)  resistance,  and  Bwitfh  located  on  the  shaft-  The  starting  rcaiatuu*  it  de- 
-' — '  *-  give  approiimately  fuU  load  torque  with  full  load  current  at  itartinf.    A  peuer 


if  Inquired,  by  cuttugoat  n 
_...  atriangul«^eoTe^whlehi■ll^ 
2  together,  and  i*  ihort  circuited  br  ^ 


__  the  end  platei  holding  .  ._  ._ „ .  — _  _  , „ .,,  ,.„,„.. 

laminated  spring  metal  brushes  along  the  insids  aurfoct  of  the  gridi.  Tha  btuhet  ai 
■npported  by  a  metal  sleeve  sliding  on  the  ihalt  which  ii  operated  by  ■  levar  Hcnnd  to 
the  Dearing  brocket  and  located  just  above  the  bearing.  A  nd  pasting  thnnwh  tbfl  eodof 
the  shaft  operates  the  short  circuiting  airansemeiA  in  ntia  u«  to  about  S5  bone  powar. 

ra"w,fh'thTeitcep"io^  th«t"i^  liw  •T«.t™'^^"'*''^^^*ti'?S 
Thena  rinna  connect,  *e  laiMcVii  ^""^^f^i^^^S^^i?^ 


•Kanwl'^SiwiiM".  twoor'iwi  cwbQii.'biu»iw»^»»«i!«o^'* 
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Tta.  1,770.— Bitoiwl 


aiiud  bf  coptm  end  rinn,  bvt  Boanacted  in 

.Bctnl  ta  thra*  ilip  rinii.  Ie>da  goiiig  Iitan  tb* 

Jictn.  ■mnacd  u  triiilax  rfaeoitat  hmTina  thne  unu  rWdlr 

n,w  thM  the  thna  nnstuicca  my  be  nuled  rtmnK»B»BMly  »dd  a 


)n  aonnd  loll  load  t«qM> 
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p.lfi  i|»Sg| 


?ISlflUlflil 


being  enlarged  by 

the  growing  prac- 
tice oX.  central 
stations  generating 
polyphase  current, 
of  supplying  their 
lighting  servica 
through  single 
phase  distribution, 
and  permitting  the 
use  of  single  phasa 
motors  ol  mod- 
erate capacity  on 
the  lighting 
circuit. 

The  simplicity 
of  single  phase 
systems  in  com- 
parison with  poly- 
phase systems, 
makes  them  more 
desirable  for  small 
alternating  currant 
J)]  ants. 

The  liisaih-nntOKe 
'      ingle    phase 
)rs  IS  that  they 


having  a 
sititlt  phase  vnnant 
ana  also  same  pHai* 
splitting  arranft- 
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Pig.  tS29. — Geneial  Eleetiic  tingis  iihue 
HrvicQ  where  full  lud  torque  at  ~"  ' 
sdipted  to  drivg  all  gewed  uiil  t 
modtroU  Itoitm^  torqite. 


belted  mAchmoY  requiiliif 


ALTERHATOn 


MOTOR     FIELD  WIMDINM 

AUXILMRT 


Fig.  I,S30. — Simplified  diacmn  ahixrioc  tlie  principle  of  phue  aplittCns  tor  itutiiia  tfairii 
phaH  induction  nioton.  Btr  the  lua  of  hi  kuiiliuy  xit  of  coO*  cnuwcted  In  pKnlM  wnh 
tbs  miiin  ctrilt  and  hsvint  in  mtim  ■  rennance  or  condenaer  aa  ahown,  th«  ato^ga  phaaa 


pcDduce  a  rotatina 


by  tbe  attanakir  il  ''MH"  into  twc 
I  fiald  on  iridch  tka  nMK  la  CMAtA. 


atojJa  phaaa 
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Ques.    Why  1b  a  single  phase  motor  not  self-starting? 

Ans.     Because  the  nature  of  the  field  produced  by  a  sii^ 
phase  current  is  oscillaling  and  not  rotatinj;. 
Ques.    How  Is  a  single  phase  motor  started? 

Ans,     By  sjilittuiK  the  phaBc,  a  field  is  set  up  normal  lo  t: 


ladSi 
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e^M^ 

»  n4ihn^ii:i« 
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axis  o£  the  armature,  and  nearly  90°  displaced  in  phase  from  the 
field  in  that  axis.    This  cross  field  produces  the  useful  torque. 


Pic.  1.851.— Ceni 


#^0 


igpuis  A,B.  &Dd  C;  G,a 


Electric  caitrifufEal  clutch  pulley  u  used  on 
A,  Glut«bi  B.  friction  band:  C.  ■djunins 
:;  E.iDlidmnovsblepuLley;  P,  ititcnul  nw 
er  ibcll  and  pulley  coniiriHng  pvti  D  ud  E. 


•# 


)iDpriuDgpart»DftndEof  fig.  I.8A2. 


Phase  Splitting;  Production  of  Rotating  Field  ^x«sc^ 
Oscillating  Field.— As  previousVy  staled,  a.Tv  o'aiasiivwt  "o^^. 
tJiat  is,  one  due  to  a  single  phase  cuiretA.  ioea  ivch.  '^^^^^^^^''^^^ 
starting  torque.    Xt  is  therefore  necesaarv  ^o  \iWT>&»  ^  "^ 
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field  for  a  sii^e  phase  inducticm  motor  to  start  oa,  nUcli,  af 
the  motor  has  come  up  to  speed,  may  be  cut  out  and  the  mol 
will  then  operate  with  the  osdllating  £dd.      ■      .      ,      r     t 

A  rotating  field  may  be  obtained  from  angle  pbaao  current 
■what  is  known  as  splitting  the  phase. 


Ques.     Describe  one  method  of  splitting  the  phase. 

Ans.  The  field  o£  the  motor  is  provided,  in  addition  to  t 
main  single  phase  winding,  with  an  auxiliary  single  phase  windii 
and  the  two  windings  are  connected  in  parallel  to  the  sin) 
phase  supply  mains  with  a  resistance  or  a  condenser  placed 
series  with  the  single  phase  -Tn-nim?,,  as.  ^o-wd.  va.  &&!£; 
Sf.   1.830.   the  two  vmidings  b»i\S  di«?\acs&  Vc-aro.  wS^  ' 
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on  the  armature  about  90  magnetic  degrees,  just  as  in  the 
ordinary  two  phase  motor. 
Ques.    What  Is  the  construction  of  the  two  wlndhi^? 

Ans,  The  main  coils  are  of  more  turns  than  the  auxiliary, 
being  spread  over  more  surface,  and  are  heavier  because  they 
are  for  constant  use;  whereas  the  auxiliary  coils  are  xised  only 

while  starting. 


:tch  puis  of  Cenem]  ElKtric  drawn  ihcll  type 
The  starting  awiti^,  wbcb  ii  uaembled  Tithin 
Te  parti;  a  rolaling  member  mountttl  oo  the 

innilated  collector  ring. 

Ques.    What  are  the  auxiliary  coils  sometimeB  called? 

Ans.     Starting  coils. 

Ques.    What  are  "shading"  QaVa,\ 

Ans.    Auxiliary  coils  as  placed  on  ia."c\.  Tftnlwata  "■va- ''^^ 
shown  in  Sg.  1,863. 
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Quefl.  How  can  ilnftle  phase  moton  be  atarted  wlthoDt 
the  me  of  eztemal  phase  splitting  devices? 

Ans.  Such  apparatus  may  be  avoided  by  having  the  auxiliary 
winding  of  larger  self -inductance  than  the  main  winding. 

Oues.  What  la  the  cliaracter  of  the  starting  t(Mi]ue 
pfoduced  by  splitting  the  phase? 

Ans.    It  does  not  give  strong  starting  torque. 


!.  1^63.— SinsI"  phase 
field  coilj.  one  tip  of 
(r:»ne  of  copper,  aaiix 


This  coil,  or  copwr  truiM,  ii  oiled  ■  tAodiir 

1  the  pulsatinH  Bun  which  emuawa  (nun  the 
lion  on  the  armaturo  which  il  ufficiaiUr  pro- 


Ques.     How  is  the  plain  squirrel  cage  armature  modified 
to  enable  the  motor  to  start  with  a  heavier  load? 

Ans.  An  automatic  clutch  is  provided  which  allows  the 
armature  to  turn  free  on  the  sWit  vvu\:\\  \\.  a.c«\«sa,\«a'a&xoRfiS.i» 
running  speed. 
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Thia  type  motor  h 


CiC,  1364. — DitgTim  abowiog  Action  of  *h*.ling  o_.. ,    ._   ._. 

Fiucmitia  of  thsa  polo  pioxt  an  divided  into  two  bnmchB),  onii  of  whicb  ■  coppar  rioB 
called  a  tkadixi  foil  ii  placed  ta  abowii,  while  cha  oita^r  ii  left  vuludtil.  Thg  action  ^ 
the  HhAdioB  coili  ia  aa  foUowa?  Consider  the  Aeld  pole*  to  be  cnergLaed  by  aingle  phata 

top^  CoQ^der  the  pcileg  to  tw  ju3t  at  the  point  of  fonnins.  Linea  of  force  will  tend  to 
pui  davnwafd  thniush  the  ahading  coil  and  the  remainder  of  the  pole.  Any  chance  of 
Ime^  nrithin  the  shadiog  coil  geuersta  an  e.  m.  [.,  which  caui>«  tc  flair  throufh  the  coil  k 
current  of  a  value  depending  on  thee.  m.  f.  and  alwayi  in  a  direction  tc  oppOM  the  chann 
uf  linn.  The  field  Biu  ia.  therefore,  partly  ihifCed  U>  the  Irea  portion  at  th*  pola,  whU* 
ilathmotliiie*  through  the  aliadiosc-"  ' ■"-* 


—1.^.™.,  ^.-u.  .,_,,c  U)  decKue  the  n^kal  &e[A^  VA  t^  »'.»>  .^.^ — - — -^.^ 
pamublc  witb  ibe  unial  arrangnnenl  where  the  fcnn«>««V<iitma>**^^»-i;^gii; 
AtuJ/ mf^/ ife^h  of  the  iMtionary  arrnkture  makes  n^&i\»  » ttntAVkTA*-^^  ^^  ™ 
^?S.™?''?* '","'"'"  "Kwptionally  lane  k«  V^ 


«»»T"<*| 
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Que*.  Kq>lain  in  detail  the  action  of  tlie  dntidi  tjpc 
motor  In  ttartlnft. 

Ans.  It  can  start  a  load  which  requSres  mudi  mora  than  1 
load  torque  at  starting,  because  the  motor  bdng  neariy  up 
full  speed,  has  available  not  only  its  maximuiii  overload  capod 
but  also  the  momentum  of  the  armattire  to  overcome  the  iner 
of  the  driven  apparatus.  In  this  it  is  assisted  by  &  certain  amoc 
of  slippage  in  the  clutch,  which  is  the  case  when  the  annatt 
speed  is  pulled  down  to  such  a  point  as  to  reduce  the  grip  d  t 
centrifugal  clutch. 


Gonunutator  Motors. — Machines  of  this  class  are  simil 
in  general  construction  to  direct  current  motors.  They  have 
closed  coil  winding,  which  is  connected  to  a  commutator. 

There  are  several  types  of  commutator  motor,  namely: 

1.  Series; 

2.  Shunt; 

S.  Compensated; 
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Since,  as  stated,  commutator  motors  are  similar  to  direct 
current  motors,  the  question  may  be  asked :  Is  it  possible  to  run  a 
direct  current  motor  with  alternating  current?  If  the  mains 
leading  to  a  direct  current  motor  be  reversed,  the  direction  or 
rotation  remains  the  same,  because  the  currents  through  both 
the  field  magnets  and  armature  are  reversed.  It  must  follow 
then  that  an  alternating  current  applied  to  a  direct  current  motor 
would  cause  rotation  of  the  armature. 


a  yma'iir.^ 


Pig.  l.seg.— Wagner  nngk 
the  i^gnUr  horiionlaj  t; 

Qf  aJtemating  motors  vanos  airc^tJy  aa  ine  Aquur  ol  the 
VAri&tJDn  m&y  be  Qbuinnl  by  varying  Uw  voLtaj^  applied  a1 


Action  of  CliMed  Coll  Rotating  in  Alternating  Field.— 

When  a  closed  coil  rotates  in  an  alteTQa\mi,t.A3i,*CQSK«i*!t«.^«j<i^=c*^ 
different  pressures  set  up  and  in  otdec  \o  cai«&xffli^  '*■ 
between  them,  they  may  be  called; 
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Liiliiirv  winding  2  control! 
iLn]i:lun]  depftrturB  it  in  the 
in  fig.  U71.    Htre  .gKin  tw. 


L  the  two  a  pliicci!  »  miigiieti 
in  pair  of  brushea  5-0  i«  pUci 


connection!  ihown  in  fig.  1,87(J  is 

along  the  aiii  5-9  of  the  main  licLu  wuiumg  i, 

thf  aii«  7-8  at  right  angles  to  main  winding. 

nlong  Iho  Biia  at  the  main  field  winding  by  th( 


wfaidi  ii  mora  dBMrly  is 

emplored.    Thejuin  viirincipu  wjnding  4 

anmectcd  to  k  standaid 
at  the  umktun  ilou. 
I  tne  loim  oi  a  rolled  (teel  bu.  Two 
ram  o(  eonneclioni  ahown  in  fijt.  1^70. 
s  cf  the  main  field  wiodina  1  and  ii 
is  placed  at  rifht  a^dea  totllfl  Kiii  vl 
-ith  il  at  starUnf^.    Tho  auxiliary  fidd 

f  the  awiuh  0.      The  puTTnae  of  Ifaa 
d  of  the  b™*h  arrangciTient  and 

reuing  it  aa  fai-  ai  poaajble  aloof 
elic  aeparator  placed  above  tb* 
binding  akiDg  allaica,  b;  makisc 


n  fig.  1.S7I  1 


in  both  ai 


Thus 


1  will  be  able  to  iodttce  heavy 
ircuited  bnuhea  m  the  ajiia  5-8, 
re  winding  3.  connecled  in  acnei 


the  aquirrcfcage  gradually  luuumes  those 
idngle  phasc»  squirrel  cage  motor,  developir 
oncf  a  cortpsiiordinilly  p"wcrr(ul  liirqnc.  nl 
nuprwKlwd,  but  talla  nddenly  to  zero  et  < 

hsvcat  synchronism,  duubUi  the  Crequc.nry 
must  therefore  also  bo  of  double  freiiui-n< 
solid  Htevl,  andj  while  this  sepuralor  tvrm: 


opaata  practicaJJjr  in  the  u 


njf  3  produces  a  large  Aul  along  the  aiii  7-%- 

the  starting  tirr;ue.  As  ^e  motor  ipcrds  up, 
functions  which  it  performs  in  the  ordinary 
K  a  magnetic  field  of  its  own  along  the  axis  7-S 

ir  near  actual  sy^chronisiTI.    It  ii  known  that 


ALTERNATING  CUXKENT  MOTORS 


IfiSl 


1.  Tile  transEonner  pressure; 

2.  The  generated  pressure; 

3.  The  self-induction  p 


These  pressures  may  be  defined  as  follows: 
The  tmnsfonner  preasure  is  that  prtssurt  indvetd  in  Af 
armature  by  tfu  alternating  flux  from  the  field  magnets. 


e  viiriations  of  tlux  which  threads  through  the  coils  of  the  nag  vinding, 
Jiice  fircssiiru  in  them  in  just  the  same  way  that  pressure  is  induced 
the  sfiMndary  of  a  transformer. 

A  ring  windine  is  used  for  nmplidty;  fti«  wxtiA  cooSi^uMa  0;m&si. 
s  dnim  n'ioding. 
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The  generated  pressure  is  that  pressure  induced  in  dx 
armature  by  the  cutting  of  the  fiux  when  the  armature  rotates. 
The  self-induction  pressure  is  that  pressure  induced  in 

both  the  field  and  armature  by  self-induction. 

Nature  of  the  Generated  Pressure. — In  fig.  1,872,  the  generated 

pressure  induced  by  Che  rota  tion  of  the  armature ismiiiiinum  at  ue  neutral 
plane  C  D  and  maKimum  at  A  B.  It  tends  to  cause  cuirent  to  flow  up 
each  half  of  the  armature  from  D  Co  C,  produdng  poles  at  Utne  pomt& 


.a.  l..sr:i.— Wagner  s.nglt   ph.is,-   r,-j.ulsi'jn   iniiuctjim    cmmuiaigr  motor.      It*  worldm 

KirK-iplf  ii  rffu;j[i.n  !(jfi  :ini1  iif./ndMw  o.nrr'iliim.  Hnnmii  with  the  machine  at  tat, 
ushcs  in  pairs  cniss  oinnvi-uil  thr'nigti  a  tuu-  niilstanix'  conduclor.  bear  upon  the 
commutaluf,  ttmpunrilv  nhin^  ciituitinR  lh«  armaturu  vf  indinK  then  developing  a  lUons 
alurtinH  loniue  un  the  rrtiuliiim  imnL'jple.  (Jn  altaininH  hill  load  speed  the  tndividuaJ 
(egmuiiti  of  the  commutator  arc  all  positively  conncrted  logolher  by  the  operation  of  ui 
: .trausal  Kowmur,  thr-rcliy  tran^forminR  Ihi;  armature    mnding   to  tht 


squirrel  r, 
the  same  i 
the  ponpr 


:  startioe  couditir 


,    II 


Natur*  of  the  Transformer  Pressure.— This  is  caused  by  varia- 
lions  of  the  flux  passing  t)irough  each  coil  of  the  annature  winding. 
Evidently  this  variation  is  least  aX.  Vae,  ^\a.ne  K  6  bei:»use  at  tW  Q^Dt 
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the  coils  are  indined  vei;  acutely  to  the  flux,  and  greatest  at  the  pkne 
C  D  where  the  coils  are  perpendicular  to  the  fliut.  Accordingly,  the 
tranrfonner  pressure  induced  in  the  annature  winding  is  least  at  A  B 
and  greatest  at  C  D. 

The  transformer  pressure  acts  in  the  same  direction  as  the  generated 
pressure  as  indicated  by  the  long  arrows  and  gives  rise  to  what  may  be 
called  locai  armature  currents. 


of  WiLffner  niiEte  phase  repuWon-induction  commutator 

' -  rear  endi.  showina  the  vefticil  commutator  aod 

T  BHS.    The  operation  ii  eiplamcd  In  Sg.  1.873. 

Nature   of    the    Self-induction    Pressure. — The    self-induction 

Eressure,  being  oppodte  in  direction  to  the  im^iressed  pressure,  it  must 
e  evident  that  in  the  operation  of  an  alternating  cusrciA  oacKtrK^j^wst 
motor,  the  impressed  preasura  must  gwwtxfio*  asA  ajScj  'i*  v*«CT^»*i 
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., Hion  llr)iir2J0 

multipLo,  m'lTiint  itt  thil  typi  am 

^ctorily  where  the  4rithnivtii\iL  n. ^ 

10  per  will.;  that  iii.  the  i-nltjmi-  mnv  l«  1" 


r.  as  a)>»vc  Mati^d.  n 


mlt.iHP  and  (nHMimiy  vnri 

.  .  B  HI  ncr  crnt..  lii«h  if  thi 

In  10  |>rr  cent.  fiiRh  awniminu  nn  va 


Les»cachi-et  beirufdiKplacnd  cWlrii^^illy  I 


.li^^'vi 


:luded  in  the  fielil  ci 


limatcly  aynchronuua  spred  at  ail  loadii.    The  armuturL^  laminations  are 
Lc  damae«1  or  worn,  it  can  Itt  readily  prrfisi-il  ijut  and  rpplacnl  without 


brushes  and  "lightly  shifting  the  hmsh  hnldor  ynke.  This  type  "inlnr  ma' 
the  line  without  the  Die  at  a  rhenatat.  and  is  luilabtc  tai  operntinH  »-(»(»» 
air  ctmipreMOU,  houae  pumpa  or  limilar  appsiiatug  where  ■  float  switch  or  pn 
^  (iw^  M  pJoa;  or  opai  tbe  fupplr  ciitut. 


r.ESK;', 
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pressure  but  also  the  self-inducdoD  pressure.    Hence,  i 
n  equivalent  direct  current  motor,  the  mpphed  voltage  must  b^  greater 


a  the  direct  current  machine. 


compared  to 

„        istb«iE 

equal  current. 


The  Local  Armature  Currents. — These  currents  produced  by 

the  transformer  pressure  occur  in  those  coilsundergoing  commuta- 
tion. They  arc  Jarge,  because  the  maximum  transformer  act\a^ 
occurs  in  them,  that  js.  ip  the  coils  short.  oidJi'we&.Nyj  'Oo.Ociva^siss>- 


IfiSQ 


BAWKINS  ELBCrSICITr 


Oues.  Why  do  the  local  amutiin  cutreuta 
varklnA? 

Ans.  Because  of  the  sudden  intermption  of  the  large  i 
of  current,  and  also  because  the  flux  set  up  by  the  local  ci 
being  in  opposition  to  the  field  flux,  tends  to  weaken  tb 
just  when  and  where  its  greatest  strength  is  required  foi 
mutation. 


4.  loui  ptainly  tagged  Id 


tothaluckottlM 


Ques.    What  is  the  strength  of  the  local  current? 

Ans.     They  may  be  from  5  to  15  times  the  strength 

normal  armature  current, 

Ques.     Upon  what  does  the  local  armature  cv 
depend? 

Ans.     Upoa  the  number  ol  tvims  ol  *Otv«  &^^EfA  cawis* 
tAeir  resistance,  and  the  Ireqjieac^. 
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Ques.  How  can  the  local  currents  be  reduced  to  avoid 
heavy  sparking  f 

Ans.  1.  By  reducing  the  niunber  o£  turns  of  the  short 
circuited  coils,  that  is,  providing  a  greater  number  of  com- 
mutator bars;  2,  reducing  the  frequency;  and  3,  increasing  the 
resistance  of  the  short  circuited  coil  circuit :  a,  by  means  o£  high  re- 
sistance connectors;  or  b,  by  using  brushes  of  higher  resistance. 


«■  ttmri*  by  the  repulsio 

.  .«iltnfun1  governor  ptubea  the  copper  riofl  fefc 
■hurt  circultiDi  tiwo,  asd  th*  motor  ttwn  opantes  or 


Ques.    What  are  high  reslataace  cotua»cX«A%i 

Ans.     The  connectors  between,  ttie  arcoa.'wai^  ■«va2swi.'*»&-'^ 
commutator  fears,  as  shown  in  fig.  \.8IB&. 
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Ques.  Does  the  added  resistance  of  preventiTe  leads,  or 
high  resistance  brushes,  materially  reduce  the  efficiency  of 
the  machine? 

Ans,     Not  to  any  great  extenl,  because  it  is  \-crv  small  ; 
comparison  with  the  resistance  of  the  wiiole  armaturti  winding. 


LOCAL  CUBBENT 


Ques.  What  is  the  objection  to  reducing  the  number  of 
turns  of  the  short  circuited  coils  to  diminish  the  tend- 
ency to  sparking? 

Ans.  Tlie  cost  of  the  aiidiUnnal  number  of  commutator 
bars  and  connectors  as  well  as  the  added  mcchanistn. 

Ques.  What  effect  has  the  Inductance  of  the  field  and 
armature  on  the  power  factor? 

Ans.  It  produces  phase  difTcrcncc  between  the  current  and 
impressed  preraure  resulting  in  a  low  power  factor. 

Ques.    What  Is  the  effect  of  this  low  power  factor? 

Ans.     The  regulation  and  efficiency  of  the  system  is  impaired. 


'Hie  Creauency.  the  Mfi  Amx  and  >iie  KoroVsex  -A  ^ 
£ave  inBuetxe  or  tiie  powet  lactin  - 


.T\  VVfr  MriTJ&T.<^J 
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Ques.     How  does  the  frequency  affect  the  power  factor? 

Ans.     Lowering  the  frequency  tends  to  improve  the  power 
factor. 

The  use  of  very  low  frequencies  has  the  disadvantage  of  departing 
from  standard  frequencies,  and  the  probability  that  the  greater  cost  of 
transformers  and  alternators  would  offset  the  gain. 


rmm 


Pic  1 .88a.~Genen]  Electric  6  H.P.,  6  pole   ndjusublc  ipeed  linglc  phue  campcnMtid 

motor  iiho«  speed  cin  be  BdjusKd  over  a  eoiniderable  rangr.  Ihn  ipFed  at  a  fined  con- 

.__„ . ._! actically  unsffetlHl  hy  any  load  within  the  motor'i  rated 

ler  on  the  hiah  speed  point*,  the  motor  posaemea  an  inhermt 
h  load  and  full  load  of  approiimate ]y  tipet  cent.  At  the  low 
oad  conditions,  the  tpeed  variation  wiilbe  approiimately  20 
ble  speed  control,  the  armature  circuits  employ  iTansformera, 
by  the  line  circuit.  The  lecoodaries  of  these  tranaformers 
,;  the  first  or  "reitulatinij"  circuit  is  placed  acroB  the  mrn 


St"    W^th* 


Series  Motors. — This  class  of  commutator  motor  is  about 
the  simplest  of  the  several  types  belonging  to  this  division.  In 
Rcneral  design  the  series  motor  is  identical  with  the  series  direct 
( urrent  motor,  but  all  the  iron  of  the  magnetic  circuit  must  be 
laminated  and  a  neutralieing  winding  is  ot^w  eia«^<3^^^. 
It  will  bo  readily  understood  tha\,  \.'h.ei  \jcrtc^'e.  \s  '^'^'^^'^^^ 
tJio  same  way  as  in    the    direct   cuitctA  -maidiitttfi.    ^ 


^  •«\vc;Gt,  "'^ 
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remembered  that  the  direction  of  rotation  of  the  direct  cumot 
series  motor  is  independent  of  the  direction  of  the  voltage  applied. 

At  any  moment  the  torque  will  be  proportional  to  the  product 
of  the  current  and  the  flux  which  it  is  at  that  moment  producing 
in  the  n:iagnetic  system,  and  the  average  torque  will  be  the  product 
of  the  average  current  and  the  average  flux  it  produces,  so  that 
if  the  iron  parts  be  unsaturated,  as  they  must  be  if  the  iron  losses 


Pig.  1387. — Diagram  of  single  phase  scries  commutator  motor.     It  is  practically  the  mum 
as  the  series  direct  current  motor,  with  the  exception  that  all  the  metal  of  the  magnetic 


circuit  muftt  be  laminated. 


are  not  to  be  too  high,  the  torque  will  be  proportional  simply  to 
the  square  of  the  current,  there  being  no  question  of  power  factor 
entering  into  the  consideration. 

Ques.    What  are  the  characteristics  of  the  series  motor? 

Ans.  They  are  similar  to  the  direct  current  series  motor, 
the  torque  being  a  maximum  at  starting  and  decreasing  as  the 
speed  increases. 

Ques.  For  what  service  is  the  series  motor  especially 
suited? 

Ans.  On  account  of  its  powerful  starting  torque  Jt  is  partic- 
alarly  desirable  for  traction  service. 
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Neutralized  Series  Motor.— A  chief  defect  of  the  series 
motor  is  the  excessive  self-induction  of  the  armature,  hence  in 
almost  every  modem  single  phase  series  motor  a  neutralizing 
coil  is  employed  to  diminish  the  armature  self-induction. 

The  neutralizing  coil  is  woimd  upon  the  frame  90  magnetic 
degrees  of  half  a  pole  pitch  from  the  field  winding  and  arranged 
to  carry  a  current  equal  in  magnetic  pressiu'e  and  opposite  in 
phase  to  the  current  in  the  armattu-e. 


Pig.  1388. — Diagram  of  neutralized  series  motor;  conductlvt  mtthod.  In  tho  simple  miet 
motor,  there  will  be  a  distortion  of  the  flux  as  in  the  direct  current  motor.  As  the  dis- 
torting magnetic  pressure  is  in  phase  with  that  of  the  magnets,  the  distortion  of  the  flux 
will  be  a  fixed  effect.  If  the  poles  be  definite  as  in  direct  current  machines^  this  distortion 
may  not  seriously  affect  the  running  of  the  motor,  but  with  a  magnetizmg  system  111m 
that  universally  adopted  in  induction  motors  the  flux  will  be  shifted  as  a  whole  in  the 
direction  of  the  distortion,  which  will  produce  the  same  effect  as  if  in  the  former  case 
the  brushes  had  been  shifted  forward,  whereas  for  good  commutation  they  should  have 
been  shifted  backward.  As  in  direct  current  machines,  this  distortion  ie  undesirable 
since  it  is  not  conducive  to  sparkless  working,  and  also  reduces  to  a  more  or  less  extent 
the  torque  exerted  by  the  motor.  The  simplest  remedy  is  to  provide  ntutraliaing  catts 
displacMl  90  magnetic  degrees  to  the  main  field  coils  as  shown.  The  neutralixin/K  current 
is  obtained  by  tbemethod  of  connecting  the  neutralising  ooilt  in  leriet  in  the  nuun  circuit. 


The  current  through  the  neutralizing 
tainedy  either 

i.  Conductivdy;  or 
2.  Inductively. 
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jctive  method,  fig,  1,888,  the  winding  is  connected  in 

ctive  method,  fig.  1,889,  the  winding  is  short  circuiUd 
id_  the  current  obtained  inductively,  the  tieulralizinj 
virtually  the  secondary  of  a  transformer,  of  which  the 
primary. 

in  is  rhp  conductive  method  to  be  prefenfdf 

n  the  motor  is  to  be  used  on  mixed  circuits. 


'am  of  nentrBlired  urics  motor;    Indue H w  mctbud.     Althoush  the  COh 

ircuit.    In  this  cii«  the  flui  durlo  the  Brmalure  uircuil  cinnol  I*  iliminjiri 

II-  residual  impnlsiiccuf  Ihr  neotralmna  roil.  It  wouTdtH-'H  mistake  lomirr. 
cm  this  account  this  oielhod  of  nruttalization  is  less  cfftctivE  than  the  too- 


Shunt  Motors. — The  simple  shunt  motor  has  inherently 
many  properties  which  render  it  unsuitable  for  practical  use, 
and  accordingly  is  of  little  importance.  Owing  to  the  many 
turns  of  the  field  winding  there  is  large  ijiduclance  in  the  sfausf 
''eld  dradt. 


ALTERNATING  CURRENT  MOTORS 


Tba  trmnsformCT  riiowa  fa 


1.  1,891. — Compeiinled  ifatuit  inductloii  nncle  pi ._  . 

"la  uTBiiBement  ja  cftpahl*  of  bejua  npUcca  by  a  coil  pUccd  oa  the  fmoe  bavinf  the  ma 
V*  u  the  Seld  windinB,  ao  that  the  Oai  produced  by  the  field  winding  induce*  in  tt 

"' in  phaiB  with  theuppty  pmnire.    Such  >coi[  will  now  be  att^M.»i!* 

x>  which  it  ia  coonected.    In  *  ainuUt  ia»iii>«  »  oA  «.i-  Ai&\ m«™|« 
it,  that  ii.  thsdrctutpuia«ltothti«jUnEuik.ita         ~~      ~ 

ill  abD  Mm  M  wwipwwm  ^m  wAot. 
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The  inductance  of  the  armature  is  small  as  compared  irith 
that  of  the  field;  accordingly,  the  two  cunents  differ  consider- 
ably in  phase. 

The  phase  difference  between  the  field  and  armature  curreots 
and  the  corresponding  relation  between  the  respective  fltnaa 
results  in  a  weak  torque. 


Tn,  1,802^ — ^Pynn's  shunt  conductive  single  phase  motor.  In  order  to  sapply  aloiifr  tba 
ttator  axis  a  constant  field,  suitable  for  producing  the  cross  flux  to  which  the  tofqpe  &  dna 
by  its  action  on  the  circuit  perpendicular  to  the  staler  axis,  the  "arxnature  drcust,"  at  it 
may  be  called,  has  a  neutralizing  coil  in  series  with  it,  so  that  the  armatttre  circuit  and 
neutralizing  coil  together  produce  no  flux.  In  addition  to  this,  there  is  a  macnetisiiig 
ooil  along  the  same  axis,  which  is  connected  across  the  mains  and  so  produces  the  aaine 
flux  at  the  primary  coil  in  a  shunt  induction  machine.  Pynn  has  proposed  a  number  of 
methods  of  varying  the  8p>eed  and  compensating  this  machine.  It  is.  however,  complifeatad 
in  itself,  and  is  only  suited  for  very  low  voltages,  so  that  on  ordinary  circuits  it  would 
BMd  a  separate  transformer. 

It  is  necessary  to  use  laminated  construction  in  the  field  circuit 
to  avoid  eddy  currents,  which  otherwise  would  be  excessive. 
Fig.  1,890  is  a  diagram  of  a  simple  shimt  commutator  motor. 

Repulsion  Motors. — In  the  course  of  his  observations  on 
the  effects  of  alternating  currents,  in  1886-7,  Elihu  Thomson  ob- 
served that  a  copper  ring  placed  in  an  alternating  magnetic  field 
tends  dtber  to  move  out  of  the  fields  that  ia  At  i&t«i^lUd  b^  tha 
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field  (hence  the  name  repulsion  motor),  or  to  rettim  so  as  to  set 
itself  edgeways  to  the  magnetic  lines. 

The  explanation  of  the  repulsion  phenomenon  is  as  follows: 
When  a  closed  coil  is  suspended  in  an  alternating  field  so  that 
lines  of  force  pass  through  it,  as  in  fig.  1,893,  an  alternating  pres- 
sure will  be  induced  in  the  coil  which  will  be  90^  later  in  phase 
than  the  inducing  flux,  and  since  every  coil  contains  some  in- 
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Fn.  1,893. — ^Effect  of  alternating  field  on  copper  ring.  If  a  copper  ring  l§  suspended  in  an 
aUemating  field  so  thai  ike  plane  cf  the  ring  is  obUoue  to  the  Itnes  offeree,  it  will  turn  unOl 
its  plane  is  parallel  to  the  lines  of  force,  that  is,  to  uie  position  in  wmch  it  doea  not  enctrcle 
any  lines  of  force.  The  ttiming  moment  acting  upon  the  ring  is  proportional  to  the  current 
in  it,  to  the  strength  of  the  field,  and  to  the  cosine  of  the  angle  p.  Hence  it  is  proportional 
to  the  product  sin  fi  cos  fi.  The  tendency  to  turn  is  zero  boUi  at  0^  and  at  0(r ;  in  the 
former  case  because  there  is  no  current,  in  the  latter  because  the  current  has  no  leverage. 
It  is  a  maximum  when  fi  *  45^.  Even  in  this  position  there  would  be  no  torque  if  thona 
were  no  lag  of  the  currents  in  the  rinfNfor  the  phase  of  the  induced  pressure  is  in  ouadratare 
with  the  phase  state  of  the  field.  When  the  field  is  of  maximum  strenoth  there  is  no 
pressure,  and  when  the  pressure  reaches  its  maximum  there  is  no  fidd.^  If  there  be  self- 
mduction  in  the  ring  causing  the  ctirrent  to  lag,  there^will  be  a  net  turning  moment  tend- 
ing to  diminish  /3.  The  largest  torque  will  be  obtained  when  the  lag  of  the  current  in 
the  ring  is  45**. 


ductance  the  resulting  current  will  lag  more  or  less  with  respect 
to  the  pressure  induced  in  the  coil. 

The  cosine  of  this  phase  relation  becomes  a  negative  quantity 
which  means  that  the  coil  is  repelled  by  the  field. 

7/fs  only  u4ten  the  ring  is  in  on  oblique  ^sUww  \WiX\\vka^v 
^M^   i/A  be  placed  with  it»  plane  ^xe«^l'S^^^ 
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direction  of  the  magnetic  lines,  it  will  not  ttim;  if  ever  so  little 
di  [ilaced  to  the  right  or  left,  it  will  turn  until  its  plane  is  paralld 
to  the  lines. 

The  production  of  torque  may  be  explained  by  saying  that  the 
current  induced  in  the  ring  produces  a  cross  field  which  b^g 
out  of  phase  with,  and  inclined  to  the  field  impressed  by  the 


Pic  I.eOS. — Fynn'a  compennUd  ihont  loduction  motor.    Tbii  ii 
penflAted  Kbunt  induction  motor  with  ths  ordiDuy  iqmrrel  ci 

windinB  into  the  "star.  '  of  which  theanim  winding  is  cnnnec 


A  prcasuK  of  suitable  ptuu«  to  produo 
DKd  for  starting. 


rhis  secoad  wjndiua 
n  Buiilianr  winding 


primary  alternating  current,  causes  a  rotary  field,  and  this  in 
turn,  reacting  on  the  conductor,  a  tiuming  moment  results. 


Elihu  Thomi)son  took  an  ordioaiy  direct  current  armature,  placed  it 
in  aa  altematii^  field,  and  having  short  cirtniited  the  brushes,  placed 
them  in  an  oblique  poation  with  respect  to  the  direction  of  the  field. 
The  effect  WHS  to  cause  the  armature  to  rotate  with  a  considerable  torqiie. 

The  inductors  of  the  armature  acted  just  aa  a.ti  cfoVicfiA^j  -d-aEsfc.  '^™'^ 
that  the  ob^^oi\:3  'fiaa  «ciWl\n\i<wi»--3  -^«««**^ 
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and  camroutator,  notwithstanding  that  the  anoatnrt 

ua  t!ie  rotation  was  continuous.     This  tendency  of  a 

m  from  an  oblique  position  was  thus  utilized  by  him  to 

iculty  of  Btarting  a.  single  phase  motor.    With  this  objcd; 

■     constructed  motors  in  which  the  use  of  commulator  and 

,  :    itricted  to  the  work  of  merely  starting  the  armature, 

,  SI.  started  was  then  entirely  short  circuited  on  itself,  thtnigh 

i  from  the  rest  of  the  circuit,  the  operation  then  being  solely 

ction  principle. 


l.BIO. — Diaersm  o( 

To  reveiw  dirttlion  ,.. , 

hqldCT  yoke.    BniihEsEinnclE.ari 
"     ■!»>  to  fig.  l.Oll, 


QB  applies  fJao  t< 


ion  of  Sprsgur-  single  pliase  compiramletl  repuWon  bk 
ion  inttichflnite  icadj  C,  and  C,  and  "lirttly  »hift  Uk>  h 


Ques.    What  difficulty  was  experienced  with  Tiiomson^s 
motor? 

Ans.     Since   an  open  coil  armature  was  used,   the  torque 
developed  was  due  to  only  one  co\V  at  a.  tvma,  viKich  involved  a 
necessarily  high  current  in.  \lie  ^ort  cni:Mi\.»i4.  i^sa.  Te»&'wmt'=^ 
Jiaa  vy  sparking. 
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Ques.    How  was  this  remedied  ? 

Ans.     By  the  use  of  closed  coil  armatures  in  later  construction 

Ques.    Did  this  effectually  stop  sparking? 

Ans.     No. 

Ques.  What  other  means  is  employed  in  modem  de- 
signs to  reduce  sparking? 

Ans.  Compensation  and  the  use  of  a  distributed  field  winding, 
high  resistance  coimectors,  high  resistance  brushes,  etc. 

Ques.  What  are  the  names  of  the  two  classes  of  repul- 
sion motor  ? 

Ans.     The  simple  and  the  compensated  types. 

Ques.    Describe  a  simple  repulsion  motor. 

Ans.  It  consists  essentially  of  an  armature,  commutator  and 
field  magnets.  The  armature  is  wound  exactly  like  a  direct 
current  armature,  and  the  windings  are  connected  to  a  com-  ^ 
mutator.  The  carbon  brushes  which  rest  on  this  commutator 
are  not  connected  to  the  outside  line,  however,  but  are  all  con- 
nected together  through  heavy  short  circuiting  connectors. 
The  brushes  are  placed  about  60°  or  70°  from  the  neutral  axis. 
The  field  is  wound  exactly  like  that  of  the  usual  induction  motor. 

Ques.    What  is  the  action  of  this  type  of  motor? 

Ans.  If  nothing  be  done  to  prevent,  the  motor  will  increase 
in  speed  at  no  load  until  the  armatiu^  btirsts,  just  as  it  will  in  a 
series  direct  current  motor. 

Ques.    What  provision  is  made  to  avoid  this  danger? 

Ans.    A  governor  is  usually  moutvted  otv\}s\^  ^rccssa^xa^'''^'^^^^ 
short  circuits  the  windings,  after  iVve  T(\o\.ot  \\a&  X^i^s^scv  "^^^^^^^ 
The  motor  then  runs  as  a  squirrd  cacgja  mdcoccXlv^^  ^^^^ 
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rule  the  bnuhes  are  lifted  off  the  cotmnutator  when  the  am 
ture  is  short  circuited,  so  as  to  prolong  their  life. 

This  ia  a  vety  successful  motor,  but  it  i>  of  course  more  costly  tl 
tho  simpie  squlnel  cage  motor  used  oa  two  and  tluw«-{>b*ae  circmt& 


,.—  iinsla  phua  compens 

ripsipied  to  8i'«  »p«d  rrductiun 


ire  idmtii:.!.    The; 


Ques.     What  name  may  appropriately  be  applied  to  t 
motor? 

Alls.     It  may  ho  calltxl  the  repulsion  induction  motor,  becai 
it  is  constmclcd  for  ropulsion  start  and  induction  running, 
Ques.     Describe  a  compensated  repulsion  motor. 
Ans.     In  its  simplest  iorm  Vt  cot&i-^v?.  -al  ^  *-\TO.^^jK^iM 
motor  IB  which  thca-e  ate  two  m4e^*«iaen-'^  ^^'^  ^' 
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set  being  short  circuited,  while  the  other  set  is  in  series  with  the 
field  magnet  winding,  as  in  the  series  alternating  current  motor. 

Qiies.     What  names    are   ftlven    to    the    two  sets  of 
brushes  on  a  compensated  repulsion  mottu*? 

Ans,     The  energy  or  main  short  circuiting  brushes,  and  the 
fompensaling  brushes. 


Ques.    What  is  the  behavior  of  the  armature  of  a 
compensated  repulsion  motor  at  starting? 

Ans.     It  possesses  at  starting  most  of  the  apparent  reactance 
of  the  motor,  and  the  effect  of  speed  is  to  decrease  s«icK  a-v^as.- 
ent  reactance,  the  latter  becoimng  lero  aX  c>Ai.w  v=^v«^  ^ 
negative  synchronism,  and  negative  aX  V\^«  ^-^eKAs.  "^  '^ 
dimctioa. 
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Ques.    What  is  the  nature  of  the  field  drcoit  of  ( 
d  repulsion  motor  at  etartlng? 


«ii  I )  1 1  n .  vn 


Ans.  At  starting  it  is  practically  non-inductive»  the  effi 
of  speed  being  to  introduce  a  spurious  resistance  which  i 
creases  directly  with  the  speed,  and  becomes  ni^;ative  wh 
the  speed  is  reversed. 

Ques.  For  what  use  is  the  compensated  repnlsh 
motor  especially  adapted  ? 

Ans.    For  light  railroad  service. 

Ques.  When  employed  thus  what  is  the  method  < 
control? 

Ans.    A  series  transformer  is  used  in  the  field  cireatt* 

Ques.    What   frequencies    are    employed    wltli  1 
motor? 

Ans.     25  to  60,  the  preferred  frequency  being  40. 

Ques.    To  what  important  use  is  the  repulsion  prii 
ii  ciple  put? 


Ans.     It  is  sometimes  employed  for  starting  on  single  pha 
induction  motors. 

In  this  method,  after  bringing  the  motor  up  to  speed,  the  winding 
then  short  circuited  upon  itself,  and  the  motor  then  operates  on  t 
induction  principle. 


Ques,    What  name  Is  ^Vveti  to  tSciSa  vs^^  ^  'ocvotcir ? 

Ans.     It  is  called  the  rep\iV^oti  'mdxisixio^  mo\«t. 
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Power  Factor  of  Induction  Motors. — la  the  case  of  a 
direct  current  motor,  the  energy  supplied  is  found  by  multiplying 
the  current  strength  by  the  voltage,  but  in  all  induction  motors 
the  effect  of  pelf -induction  causes  the  ourent  to  lag  behind  the 
pressure,  thereby  increasing  the  amount  of  current  taken  by 
the  motor.  Accordingly.as  the  increased  current  is  not  utilized  by 
the  motor  in  developing  power,  the  value  obtained  'by  multi- 
plying the  current  by  the  voltage  represents  an  apparent  energy 
which  13  greater  than  the  real  energy  supplied  to  the  motor. 


It  is  evident,  that  if  it  were  possible  to  eliminate  the  lag  en- 
tirely, the  real  and  apparent  watts  would  be  equal,  and  the 
power  factor  would  be  unity. 

The  importance  of  power  factor  i%aA  its  effect  upon  both 
alternator  capadty  and  voltage  regiUation  is  deserving  ot  tha 
most  careful  consideration  with  &1\.  de(Atvc!iftv^■M«L^^is■,>K^.-^^A.«o- 
in  inherent  phase  difference  e3QStsb«toHeBefc>SQBV^«s»^*'*^^j„;j55 
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While  the  belief  is  current  that  any  decrease  iii  power  factor 
from  unity  value  docs  not  demand  any  increase  of  mechanical 
output,  this  is  not  true,  since  all  internal  alternator  and  lint 
losses  manifest  themselves  as  heat,  the  wasted  energy  lo 
produce  this  heat  being  supplied  by  the  prime  mover. 

Apart  from  the  poor  voltage  regulation  of  alternating  cunoil 
generators  requiring  abnonnai  field  excitation  to  coinpensate  for 
low  power  factor,  some  of  t!ic  blalion's  rated  output  i-;  rciuiLt'^. 


_, Tel  caB<^  Brmal 

wood  WDTldnfl  plimta,  tcictilc  milla 


this  type  of  motor 


unavailable  and  consequently  produces  no  revenue.  The  poor 
steam  economy  of  underloaded  engines  is  also  a  serious  sourw 
of  fuel  wastage. 

Careful  invealJgations  have  shown  that  the  power  factor  of  industrisl 

K'  ints  using  induction  motor  drive  with  units  of  various  sizes  wil]  averagu 
tween  60  and  80  per  cenL     With  plants  supplying  current  to  under- 
loaded  motors    having    ishecenUv  ^^^  ^s4»l^%  coneaC    vahies,  a 
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combined  factor  as  low  as  50  per  cent,  may  be  expected.  Since  staDdard 
alternators  are  seldom  designed  to  cany  their  rated  kilowatt  load  at  less 
than  80  per  cent,  power  lactor,  the  net  available  output  is,  therefore, 


II  M*»^r.     '° 


of  P>]it>aaIc»-Mora«  indue* 
tempvniure  In  ticem  ot  1,813 
t  of  inr  ■ubHoiKnt  huttoi  U 
la  iolntt,  *  multiplicity  of  inntt 


Speed  and  Torque  of  Motors.— The  speed  of  an  induction 

motor  depends  chiefly  on  the  frequency  of  the  drciiit  and  runs 
within  5  per  cent,  of  its  rated  speed;  it  will  produce  full  torque 
i£  the  hne  voltage  do  not  vary  mora  than  5  to  10  per  cent. 

At  low  voltage  the  speed  will  not  be  greatly  reduced  as  in  a 
direct  current  motor,  but  as  the  torque  ia  low  ^aTO)a'y3tSa«»^i« 
stopped  whea  a  iight  load  IB  tlmmu  oa. 
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The  current  taken  by  an  induction  motor  from  a  const! 
pressure  line  varies  with  the  speed  as  in  a  direct  current  idoI 
Wh«n  a  load  is  thrown  on.  the  speed  is  redticcd  coirespondin) 
and  as  the  self-induction  or  reactance  is  diminished,  mi 
current  drctilatcs  in  the  squirrel  cage  winding,  which  in  u 
reacts  on  the  Seld  coils  in  a  similar  manner  and  more  cum 
Sows  in  them  from  the  hnc.  In  this  manner  the  motor  aitl 
matically  tak«s  current  from  the  line  proportional  to  the  Iq 
and  maintains  a  nearly  constant  speed. 

The  so-called  constant  speed  motors  require  slight  variatk 
in  speed  to  automatically  take  cuireat  from  the  line  when  i 
load  varies. 

Induction  motors  vary  in  speed  from  5  to  10  per  cent.,  w4 
synchronous  motors  vary  but  a  fraction  of  one  per  cent. 

Single  phase  motors  to  render  efficient  ser\'ice  must  be  ab 
where  requisite,  to  de\'olop  sufficient  tiuiung  moment  or  tor^ 
to  accelerate,  from  standstill,  loads  possessing  large  inertia 
excessive  static  friction ;  for  example,  meat  choppers  and  grinde 
sugar  or  laundry  centrifugals;  heavj'  punch  presses;  gro 
drivtm  machines  running  from  countershafts  with  possibly  &\ 
taut  belling,  poor  alignment,  lubrication,  etc. 
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CHAPTER  LII 

TRANSFORMERS 

The  developments  in  the  field  of  electrical  engineering  which 
have  rendered  feasible  the  transmission  of  high  pressure 
currents  over  long  distances,  together  with  the  reliability  and 
efficiency  of  modern  generating  units,  have  resulted  in  notable 
economies  in  the  generation  and  distribution  of  electric  current. 

This  has  been  accomplished  largely  by  the  use  of  distant 
water  power  or  the  centralization  of  the  generating  plants  of  a 
large  territory  in  a  single  power  station. 

The  transformer  is  one  of  the  essential  factors  in  effecting  the 
economical  distribution  of  electric  energy,  and  may  be  defined  as 
an  apparatus  used  for  changing  the  voltage  a  \d  current  of  an 
alternating  circuit.    A  transformer  consists  essentially  of: 

1.  A  primary  winding; 

2.  A  secondary  winding; 

3.  An  iron  core. 

Basic  Principles. — If  a  current  be  passed  through  a  coil  of 
wire  encircling  a  bar  of  soft  iron  the  iron  will  become  a  magnet; 
when  the  current  is  discontinued  the  bar  loses  its  magnetization. 

Conversely:  If  a  bar  of  iron  carrying  a  coil  of  wire  be  mag- 
netized in  a  direction  at  right  angles  to  the  plane  of  the  coll  a. 
momentary  electric  pressure  will  be  mducedL  m'Ocv^^^^t^N  ^*^^^^ 
current  be  reversed,  another  momenlarj  pt^iSSvaxe^'H^'^'^^'^^^^^ 
in  the  opposite  direction  in  the  coil. 
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tions  are  fully  explained  in  chaps.  X  and  XI,  ani 
srfectly  familiar  phenomena,  a  detailed  explana( 
^ples  upon  which  they  depend  is  not  necessary  Jl 

the  first  two  statements  given  above  it  is  evident  that  if  • 
provided  with  two  coils  of  wire,  one  of  which  is  supplied  in 
alterofltinE  current,  as  shown  diagrammatically  by  fig.  1, 
iDulse  of  tne  exciting  currpnt  a  pressure  will  be  induced  in 
coil,  the  direction  of  t,.   ie  impulses  alternating  like  tin 


>fall 


Qg 


What  name  is  given  to  the  coll  through  wh 
om  the  source  flows? 


\ns.     1  ne  primary  winding. 


Ptc.  I.Sia.— Dbgrani  cf  clemcnliu'y  tnnsfaTTner  with  noiHinitinaouI  am  and  o 
._:...  _!_^i_  _T . -i-L.  .1 .ijj  part,  jj,.  ptioaajy  winding,  ■ 


c.  1,916.— Diagram  of  clemnnnry  tranBl 
witblingle  phuc  alltmatui.     The  thrr 


Ques.    What  name  is  given  to  the   coll    in  which 
current  is  indnced? 

Ans.     The  secondary  winding. 


Ques.    What  is  the  objection  to  the  elementary  tran 
former  shown  in  fig.  1,916P 

Ans.     The  non-contmucwa  coie,    "^iSt^  "Cms.  Vj-^  5:K«fe,  t 
Bux  emanating  from  the  liort\v  v^Ve  <Av\vft\>as^M»s.v^-K**.-«:^ 
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the  south  pole  through  the  surrounding  air;  and  aa  the  t»> 
luctance  of  air  is  much  greater  than  that  of  iron,  the  nutgnetism 
will  be  weak. 

Ques.    How  is  this  overcome? 

Ans.     By  the  use  of  a  continuous  core  aa  shown  in  fig.  1,B17. 

Ques.    Is  this  the  best  arranftement,  and  why? 

Ans.  No.  If  the  windings  were  put  on  as  in  fig.  1,917,  the 
leakage  of  magnetic  lines  of  force  would  be  excessive,  as  indicated 
by  the  dotted  lines.  In  such  a  case  the  lines  which  leak  through 
air  have  no  effect  upon  the  secondary  winding,  and  are  therriore 


Ques.  How  is  the  magnetic  leakage  reduced  to  a  mini- 
mum in  conunerclal  transformers? 

Ans.  In  these,  and  even  in  ordinary  induction  coils  (the  oper- 
ating principle  of  which  is  the  same  as  that  of  transformers)  the 
magnetic  leakage  is  reduced  to  the  lowest  possible  amount  by 
arranging  the  coils  one  within  the  other,  as  shown  in  cross  section 
in  fig.  1,918. 
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Xd  Vottage. — The  pressure  induced 
iing  will  depend  on  the  ratio  between  the 

!  two  windings.  For  example,  a  transfon 
frire  in  its  primary  winding  and  50  turi 
ding  would  have  a  transformation  ratio  d 
supplied  with  primary  ciurenl  at  1,000  v 
-^ore  at  no  load  would  be  100  volts. 


FlC  1 JIIB. — Cross 


EXAMPLE. — If  ten  amperes  flow  in  the  primaiy  winding 
transformation  ratio  be  10.  then  10  X  10  =  100  amperes  \ 
through  the  secondary  winding. 

Thus,  a  direct  proportion  exists  between  the  pressures  and 
the  two  windings  and  an  inverse  proportion  between  the  amp 
turns,  that  is : 

primary  voltage:  secondary  voltazt  =  primary  turns:  secondary  H 
primary  current:  secondary  current  =  secondary  turns:  primary  ft, 

From  the  above  equations  it  is  see^  **^a-^  ^^^  '«*.'*» 
pnmary  ckaiit  equal  the  watta  ot  tUe  «Ko-t\&ari  ^scmj 
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Ques.    Are  the  above  relations  strictly  true,  and  why? 

Ans.     No,    they   are  only   approximate,   because  of  trans- 
former losses, 

tn  the  above  example,  the  total  wattage  in  the  primary  dfcuit  is 
1,000  X  10  =  10  kw.,  and  that  in  the  secondary  circuit  is  100  X  100  - 
10  kw.  Hence,  while  both  volts  and  amperes  are  widely  different  in  the 
two  circuits,  the  watts  for  each  are  the  same  in  the  ideal  case,  that  is, 
assuming  perfect  transformer  action  or  100%  effidenCT.  Now,  the 
usual  loss  in  commercial  transformers  is  about  10%,  so  that  the  actual 
watts  delivered  in  the  secondary  circuit  is  (100  X  100)  X  90%  =  9  kw. 


I.—Vteaer  irans 

"  coils.    They  are  wound  with  flat 
aX  acripfl  in  puallel  are  used  per  turn 


[otmed.  ready  (or  tafnng.     That  are  kno 

-"■  ""  -Itton  rovcTod  copper  Blrip.     In 

order  to  ficilitaie  the  winding  u 


The  No  Load  Current. — When  the  secondary  winding  ot 
a  transformer  is  open  or  discomie"A«A.  lT»;<nv  *Ocia  ^RRsreAas^^ 
arciu't  no-  current  will  flow  in  the  ■mtvSowg.,  N»i.  ■»■  N«ri  ^^ 
current  called  the  no  load  current  Nnlfl.  fto-w  VR  *^!t>»  -^icvsoKrj 
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The  reason  for  this  is  as  follows:  The  current  flotring  la  the  piimur 
winiiing  causes  rci>ealed  reversals  of  magnetic  flux  through  tbe  iroa 
core.  These  variations  of  fiiut  induce  pressures  in  both  coils;  thatiu- 
duced  in  the  primary  called  the  reotrse  pressure  is  opposite  ia  dircctico 


a.  1,930. — WaancT  eoiln  with  insuliition  noily  fur  cure  assemljly.    The  Bat 

called  paiu.-ula!  cuiK  are  winind  <>f  flat,  cmton  ccmted,  ropprr  itrip  with  ample  insulatioa 

How  |>i.'r  hiiih  tunsion  o.il  is  vi-r>-  low  and  cuold  be  CHTried  with  ;l  v«5-  small  croa  eectioniil 
Tncchanicul  stul>iljty  thu^  ublJtintd. 

and  very  neiirly  equal  lo  the  impressed  pressure,  that  is,  to  the  pressure 
applied  lo  the  primary  windm^,  KtcorAmv.X',-  Wcrai-^  ^.Q-mt  B.Niul-!Ait.iit.a 
cause  current  to  flow  through  tt\'i  vf.TOa.T-5  ■«\^'\\'a¥,  \*  \>*  &ffi^e«* 
iwiff-eentheimpressed  pressure  and Te.vftxi«v«^-^^'-^'^^«S«*™*^v«v 
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The  Magnetizli^  Current. — The  magnetizing  current  of  a 
transformer  is  sometimes  spoken  of  as  that  current  which  the 
primary  winding  takes  from  the  mains  when  workii^  at  normal 
pressure.  The  true  magnetizing  current  is  only  that  component 
of  this  total  no  load  current  which  is  in  quadrature  with  the 
supply  pressure.  The  remaining  component  has  to  overcome 
the  various  iron  losses,  and  is  therefore  an  "in  phase"  component. 
The  relation  between  these  two  components  determines  tha 
power  factor  of  the  so  called  "magnetizing  current." 


Pics.  1.021  and  1 ,922.— Assembled  colli  ol 
■bowing  ventilating  ducta. 

The  true  magnetizing  component  is  small  jf  the  transformer 
be  well  designed,  and  be  worked  at  low  flux  density. 

Action  of  Transformer  with  Load. — If  the  secondary 
winding  of  a  transformer  be  connected  to  the  secondary  circuit 
by  closing  a  switch  so  that  current  flows  through  the  secondary 
'.vinding,  the  transformer  is  said  to  be  loaded. 

The  action  of  this  secoadary  (mtkcA  ia  Xo  ct^^cMb  "Oaa  'roa*o^&a*^t 
action  of  the  slight  current  alr^dy  floww\s\TV*Onft  VT«»a-'^  ^*"^^3s2%Ba 
decreasiag  the  mudmum  Vttlue  readied  \>v  *^**  ^toccaMCvMfc  y^g^^  . 
inttiecore,  tbene£iy  decnuins  thAiv*""-^  '«."«itfcia*»»-  «»">"■* 


tiSM 
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The  wnonnt  of  this  Atataat,  hamenc,  la  swy  imaB, 

very  Bmall  decraase  of  the  ioduced  prcanue  in  tiie  primuy  ooil  ^ntlr 


B  the  difference  between  tne  _  _^, ^ , 

coil  and  the  opposing  pmsure  induced  in  the  pnni&iy  coil,  ao  that  tbt 
primary  current  ia  greatly  increaaed.    In  fact,  lk»  tmerwatt  «/  Pnmaj 


showing  baiiBer  irons  : 


secondary  roU;  tht^t  is,  the  Hiix  in  the  core  must  be  maint^ncd  ap- 
|ircwumately  constant  by  the  primary  current  whatever  value  the  sec- 
ondary current  may  have. 

Wlien  the  load  on  a  transformer  is  increased,  the  primary  of  the 
transformer  automatically  takes  additional  current  and  power  from 
the  supply  mains  in  direct  projiortion  lo  the  load  on  the  secondary. 

When  the  load  on  the  secondary  is  reduced,  for  example  by  turning 
off  lamps,  the  power  taken  from  Ihe  suyv^Y  "lains  by  the  primary  coil 
13  aufomattcally  reduced  in  viTov"^\.TOt\  Va  'L'lvft  Acci-ias*  ^-   --  -  •     ■ 
This  automatic  action    ot  the  trans^omvM  ^^  ^™  J^J;^ 
magnetizing  action  o£  the  primaxv  ia»i  «^«i&^  ^t.«.'«- 


V   •OwbNsaJ^ 


TRANSFORMERS  1,385 


Classification  of  Transformers. — ^As  in  the  case  of  motors, 
the  great  variety  of  transformer  makes  it  necessary  that  a 
classification,  to  be  comprehensive,  must  be  made  from  several 
points  of  view,  as: 

1.  With  respect  to  the  transformation,  as 

a.  Step  up  transformers; 

b.  Step  down  transfonners. 

2.  With  respect  to  the  arrangement  of  the  coils  and  magnetic 
circuit,  as 

a.  Core  transfonners; 

b.  Shell  transformers; 

c.  Combined  core  and  shell  transformers. 

3.  With  respect  to  the  kind  of  circuit  they  are  to  be  used  on,  as 

a.  Single  phase  transformers; 

b.  Polyphase  transformers. 

4.  With  respect  to  the  method  employed  in  cooling,  as 

a.  Dry  transformers; 

b.  Air  cooled  transformers     {  7^\^^'„^bU,ti 

c.  Oil  cooled  transformers; 

d.  Water  cooled  transformers. 

5.  With  respect  to  the  nature  of  their  output,  as 

a.  Constant  pressure  transformers; 

b.  Constant  current  transformers; 

c.  Current  transformers; 

d.  Auto-transformers. 

6.  With  respect  to  the  kind  o£  service,  ^A 

a.  Distributing; 
A  Power, 
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;   to  the  circuit  connection   that  the  tiBoS- 

ted  for,  as 


ansfortners. — This  form  of  transformer  is  ostd 

a  low  voltage  current  i]    o  a  high  voltage  current. 

ormers  are  employed  at    he  generating  end  of  a 

mi^iuii  line  to  raise  the  voltage  of  the  alternators  to  sudi 
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Pig.  1.624. — Diagrun  af  cl 

10+2-5.     Sinct^  or 
priiTury,  the  Ultcr  rcqi 


Aa  shown  the  primu-y  fruidiw 
aTin  of  vDltAgB  trmnifomiAtHH]  « 


value  as  will  enable  the  electric  power  to  be  economically  trans- 
mitted to  a  distant  point. 

Copper  Economy  wfth  Step  Up  Transformers.— To  comprehend 
fully  the  bearing  of  the  matter,  it  must  be  remembered  that  the  enei^ 
supplied  per  second  is  the  product  ot  two  factors,  the  current  and  the 
pressure  at  which  that  cuncnt  is  supvlusi;  iJm,  ■ma:eM.t.\vies  of  the  two 
factors  niay  \-arv-.  but  the  value  ol  ftvc  ■p^'wei  =,wi>?\;e&  Ami™.*3.  wti.-i  «i 
tte  product  of  the  two;  for  e^m^*.  ft.^  f^^^^"^,^  ^l^ 
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exactly  the  same  in  amotmt  as  that  furnished  per  secx>nd  by  a  current  of 
400  amperes  supplied  at  a  presure  of  50  volts;  in  each  case,  the  product 
is  20,000  watts. 

Now  the  loss  of  energy  that  occurs  in  transmission  through  a  well 
insulated  wire  depends  also  on  two  factors,  the  current  and  the  resistance 
of  the  wire,  and  in  a  given  wire  is  proportional  to  the  square  of  the 
current.  In  the  above  example  the  current  of  400  amperes,  if  transmitted 
through  the  same  wire  as  the  10  amperes  current,  would,  because  it  is 
forty  times  as  great,  waste  sixteen  hundred  Itimes  as  much  energy  in 
heating  the  wire.  It  follows  that,  for  the  same  loss  of  energy,  the  10 
ampere  current  at  2,000  volts  may  be  carried  by  a  wire  having  only 

6TEP   DOWN 


SECONDARY   WINDIN6 
2  TURNS 


.^'/ 


^ 


/ 


(-^ 


TO  ALTERNATOR 


PRIMARY  WINDtN6 
10  TURNS 


RATION 

Pig.  1,925. — Diagram  of  elementaiy  step  down  transformer.    As  shown  the  primary  winding 
has  10  turns  and  the  secondary  2,  giving  a  ratio  of  voltage  transformation  g^  2  -I-  10  «  .2. 
The  current  in  the  secondary  being  5  tunes  gxeater  than  in  the  primary  will  require  a  pro 
portionately  heavier  wire. 


^  Q/vxth  of  the  sectional  area  of  the  wire  used  for  the  400  ampere 

1,0UU 

current  at  50  volts. 

The  cost  of  copper  conductors  for  the  distributing  lines  is  therefore 
very  greatly  economized  by  employing  high  pressures  for  distribution 
of  small  currents. 


Step  Down  Transformers. — WVvea  cwrt^s^  \%  ^^^s^-^^s^s^  *vs^ 
consumers  for  lighting  piirposes,  axvdiot  XJaao^^t^'^^^'^  ^V  ?^^'^t^2 
etc.,  considerations  at  safety    9^  N^^V  «J^  >3aa»  ^^  «a2^». 


require  the  delivery  of  the  current  at  comparatively  low 
ranging  from  100  to  250  volts  for  lamps,  and  from  100  to  60) 
volts  for  motors. 

This  involves  that  the  high  pressure  current  in  the  tracs- 
mission  linos  must  be  transformed  to  low  pressure  oirrent  at  the 
reccivinK  or  distributing  points  by  step  down  iTansfomigrs,  aa 
elementary  transformer  being  shown  in  fig,  1,925. 


Transformers  of  this  type  have  a  large  number  of  turns  in 
the  primary  winding  and  a  small  number  in  the  secondary,  in 
ratio  depending  on  the  amount  of  pressure  reduction  required. 

Core   Transformers. — This   typo   of   transformer   may   be 

defined  as   one  having  an  iron  core,  iipon  which  the  wire  is 

wound  in  such  a  manner  that  the  iron  is  enveloped  within  the 

coils,  the  outer  surface  ot  tb.e  ccft\&\i^i\^  ra.v^yssA.'vi'OQfii'KEi-aE 

shown  in  &gs.  1,926  and  1,9^. 
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Shell  Transformers.— In  the  shell  type  of  transformer,  as 
shown  in  fig.  1,928,  the  core  is  in  the  form  of  a  shell,  being  built 
around  and  through  the  coils.  A  shdl  transformer  has,  as  a 
rule,  fewer  turns  and  a  higher  voltage  per  turn  than  the  core  type. 

Ques.  What  Is  the  comparison  between  core  and  shell 
transformers? 

Ans.  The  relative  advantages  of  the  two  types  has  been  the 
subject  of  considerable  discussion  among  manufacturers;    the 


companies  who  formerly  built  only  shell  type  transformers,  now 
build  core  types,  while  with  other  builders  the  oppo^te  practice 
obtains. 

Oues.    Upon  what  does  the  choice  between  the  two 
types  chiefly  depend? 
Ans.     Upon  manufacturing  oouvemeiuce'c%*^i^s  'Ooa.'o.'a^KcoSas^ 


1.800 
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ibeU  type,  til 
smas  piecH 


.      _  a  a  con  type  tnuufonner  coomsts  t£  §ami 

UOfa  piocM  of  great  mechanical  streozth,  whflc  in  the  shell 

■n  leqniisd  an  extremely  lai^  number  of  relativelr  staaL  , 

iiaulating  material,  which  neceaffltatea  careful  worWaitship  tapnnt 
defects  in  the  finished  transfonner,  when  thin  or  fra£il«  Enaterial  ii  md. 

Both  core  and  shell  transformers  are  built  for  all  ratings:  for  ■ 

Ciore  type  possesses  certain  advantages  with  rejemak) 
je  rating^s,  the  shell  type  possesses  bctt 
..„  i™i *i —  *v_  („j^  ^p^ 


Md  coila  □(  Malonc 


Combined  Core  and  Shell  Transformers. — ^An  improved 

type  of  transformer  has  been  introduced  which  can  be  coo- 
Eidered  either  as  two  superposed  shell  transformers  with  coils 
in  common,  or  as  a  single  core  type  transformer  with  divideii 
magnetic  circuit  and  having  coils  on  only  one  leg.  It  is  best 
considered  however,  as  a  cotnbmed  core  and  shell  transformer. 
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and  for  small  sizes  it  possesses  most  of  the  aavaniages  of  both 
types.  It  can  be  constructed  at  less  cost  than  can  rither  a  core 
cr  a  shell  transformer  having  the  same  operating  characteristics 
and  temperature  limits. 


Pig.  1,932  shows  a  cross  section  of  the  firat  transformer  of  this  type  to 
be  developed  commerdally,  and  known  as  an  "iron  clad"  transformer; 
this  construction  haa  been  used  in  England  lot  ar™  'i-—  ■^*^"  '^  "*** 
■bowB  the  American  practice. 


&^iIIsn»  ■^^.■\.?os^ 


1.! 
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QuM.  Bow  la  economy  of  omatmctknt  obtaliwd 
deslftnlaft  combined  core  and  ihdl  tnuufomun? 

Ans.  The  cross  section  of  iron  in  the  central  1^  of  the  a 
is  made  somewhat  less  than  that  external  to  the  t^Wli^,  in  on 
to  reduce  the  amount  of  copper  used  in  the  coiIb. 

Sii^e  and  PolsTphase  Tnmstormere. — A  etn^  pb 
transfonner  may  be  defined  as  one  haoing  otUy  on»  mH  fffrim 
and  secondary  terminals  and  tn  which  th*  fttuets  im  f 


MICA    &MICL05 


magnetic  circuits  are  all  in  phase,  as  distinguished  from  a  pt 

phase  transformer,  or  combination  in.  oue  uuit  of  several  < 

pbaso  transformers  with  separate  e\ec.ti\<i  <-\ioi\x^\f^\.\\a>iv-n!^ 

tain  magnetic  circuits  in  command     "Va  ■^Vre'aasR  -wwiaia 
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there  are  two  or  more  magnetic  circtiits  through  the  core,  and 
the  Suxes  in  the  various  drcuits  are  displaced  in  phase. 

Ques.    Ib  it  necessary  to  use  a  polyphase  transfonner 
to  transfonu  a  polyphase  current? 

Ans.    No,  a  separate  single  phase  transformer  may  be  used 
for  each  phase. 


The  nu^etic  ' 


.  _.  —  conductor.    Tha  coib  an 
idiiw  betoBD  the  two  low  tatBon  ooli, 

]  whole  lengUi  of  tba  cod  op«uiu  io  tbtt 


slue  vbich  will  not  bitb  troBbIa 
buili  up  o[  UmiiuMd,  (Hoy  ■teal 
Rvnce  to  the  preceding  kjrer  aad 


puDchingi.  Mch  Ujrer  ot  Ian 
All  jointa  butted.  This  giv 
ioai  and  low  eicitina  ctirT« 
Mparate  parallel  circuita  endrchog  the  coila  and  protectma  tha  winding*  frOD 

injury.    Sepaiats  iiigh  and  low  tendon  tarminarblocla  ^  glaied  poinlain 

'- — i  ot  tha  upper  end  frame*.    All  danger  of  confuauig  the  lead*  or  bad' 

a  ekctdcal  connection  between  the  high  and  low  teniion  aidea  cf  tha 

averted.    Ttia  high  tenaion  winding  hu  four  lead*  brootifit  «B  '^k 

•Huu  ui  UK  wiuuuil  block.    Adiuatabk  bntaa  eounaEton  en  %ite  'Vio.'wvfb  '^*,*gf^ 

wovide  for  aariea  or  nultipla  conneetjona  batwaan  two  wfafl*  t*.'ipi^a<&^««°^'*^™^ 

Thspimlioa  i»  che  (tod*  and  tbe  length  (A  the  BtJn  u»  a&  gt"P''™'^*^'^^!i?St ' 

»  DO  tha  Uock  an  iinpaadbb.    Barriera  em  <»  v«»^«'.™StJ^^S^ 
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Oues.  Is  there  an^  choice  between  a  polyphase  trana- 
fonner  and  separate  sln^e  phase  transformers  for  trana- 
fonnlng  a  polyphase  current? 

Ans,  Yes,  the  polyphase  transformer  is  preferable,  because 
less  iron  \s  required  than  would  be  with  the  several  single  phase 
transformers.  The  polyphase  transformer  therefore  is  some- 
what lighter  and  also  more  efficient. 


Tloa.  IffW  and  IflW.— Owe 

08.1.630,  thurorsthrw 

md  shell  t 

ypea  of  threa  phase  tranafomier. 

aS'.'tett; 

core  IS  wimnd  w.ih  a  pri 

iSi^&S. 

path  than  A  and  C.  which 

timej  been  t^vialed  by  pla 
nfi^  1.939  aT.dl,MUl.&u 

,,.  'itiii  oivH  Che  shell  type  a 

UKd.  esiJ^ly  if  the  faulty  c^li  be  s 

's; 

?™i«d?*Thre8S 

■of  MchibortdrcuiUos  iau 

iU  but  s  very  amall  flui  iron 

dintf  Che  faulty  coiL 

Ques.    Name  two  Tarieties  of  polyphase  transformer? 

Ads.    The  core,  and  the  shell  types  as  shown  in  figs.  1,936 
»ad  1,931. 
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Ques.    How  should  a  three  phase  transfonner  be  oper- 
ated with  one  phase  damaged? 

Ans.    The  damaged  windings  should  be  separated  electrically 
from  the  other  coils. 

The  pressure  winding  of  the  damaged  phase  should  be  short  orcuited 
upoaiteelfandthecorrespondiag  low  pressure vriadingshouldalsobeshotl 
circuited  upon  itself.  The  wind- 
ing thus  short  circuited  will  dioka 
down  the  flux  passing  through 
the  portion  of  the  core  surrounded 
by  them  without  producing  in 
any  portion  of  the  winding  a  cur- 
rent greater  than  a  small  traction 
of  the  current  which  would  nor- 
mally exist  in  such  portion  at 
full  load. 


Transformer     Losses. — As 

previously  mentioned,  the  ratio 
between  the  applied  primary 
voltage  and  the  secondary  ter- 
minal voltage  of  a  transformer 
is  not  always  equal  to  the  ratio 
of  primary  to  secondary  ttims 
of  wire  around  the  core. 

The  commercial  transforms 
is  not  a  perfect  converter  o£ 
energy,  that  is,  the  inputs,  or 
watts  applied  to  the  prinS*- 
circuit  is  alwaj's  more  than  the 
output  or  watts  delivered  from. 

^of  o««i  Pi-*H«  ™i       TVias  Sa  &»!&  "w^  "^^^  -»ib^«^ 
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dfierence  between  the  input  and  the  output  is  equal  to  the  sum 
cS.  these  losses.    They  are  divided  into  two  c 

1.  The  Iron  or  core  losaeB; 

2.  The  fx>pper  loesee. 
The  iron  or  core  ksaes  are  due  CO 
1.  Hystereeis: 


ANGUIAR  YOKE  ORCWAR  YOKB 


l&  IMO  aid  1,04a— Tiuii|alaraTT&iisem«tB of  cores  of  thne  pliase  transfonner.  I^.  1.(I3B, 
fcurn  with  tiute  <iotaarA  vokFtattwtiom  and  toporcoresifia.  l.S40.fami  with  circular 
— ..  .      .m.,.  .1 j__- ■ ,...  ,y^nietrjf  for  ths  thrco  phBS«,  there  is  Kiina 


and  faiaated  boriiontally  bstmai  ths  thies  Cora,  it  is  necessary  Co  loUrpoH  a  layer  of 
liiilslliiii  Mhenriis  tbm  would  bs  objsctiaoabls  addy  comata  Knoad  in  the  ntinipirm 

2.  Eddy  currents; 

3.  Ma^ietic  leakage  (ne^i^bly  small). 

Those  vhidi  are  classed  as  cx>pper  losses  are  due  fn 
J.  Heating  the  conductors  (the  I'R  laes>- 
:2  Alc^  cairants  in  ooDductxm. 
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Hsrsteresls. — In  the  operation  of  a  transformer  the  alter- 
nating current  causes  the  core  to  undergo  rapid  reversals  of 
magnetism.  This  requires  an  expenditure  of  energy  which  is 
converted  into  heat. 

This  loss  of  energy  as  before  explained  is  due  to  the  work 
required  to  change  the  position  of  the  molecules  of  the  iron, 


-^ of  Moloney  pole  t)Ti«  Hto 

„  _ Moloney  (tandatd  (nntfoniKn  of  these  liia  am  ngululy  •round 

for  1.100  to  2,2(X>  primary  volu.     For  I.IOU  volu  the  primary  coili  are  cocnaetod  In 
parallel  by  nwani  of  connecting  links;  for  2.200  volt),  they  are  connected  in  ■siai.    Tba 

._- ! :„,[  bo,rd  is  provided  with  two  eoaoecting  lioka  K>  Hat  aan> 

eitt»r  1,100  or  2.300  votts. 


in  reversing  the  magnetization.  Extra  power  then  must  be 
taken  from  the  line  to  make  up  for  this  loss,  thus  reducing  the 
effideacy  of  the  transformer. 

Ques.    Upon  what  does  the  hysteresis  loss  depend? 

Ans.    Upon  the  quality  of  the  iron  in  the  o3c&^t^-n^6!os£&5^ 
densty  at  whidi  it  is  mrked  aod^ibafxQQfutD):?]* 
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Ques.  Wlthaftiven 
quality  of  iron  how 
does  the  hysteresis 
loss  vary? 

Ans.  It  varies  as 
the  1.6  power  of  the 
voltage  with  constant  frequency. 

Ques.  In  construction,  what 
is  done  to  obtain  minimum 
hysteresis  loss? 

Ans,  The  softest  iron  obtain- 
able is  used  for  the  core,  and  a 
low  degree  of  magnetization  i-s 
employed, 

Eddy  Currents. — The  iron  core 
of  a  transfomier  acts  a-s  a  closed 
conductor  in  which  small  pri.>s.suroR 


of  different  vahu 
are  induced  i 
different  parts  by  tl 
alternating  field,  gi' 
ing  rise  to  eddy  cu 
rents.  Energy  is  tin 
consumed  by  the 
currents  which 
w-aMted  in  heating  tl 
iron,  thus  redudn 
the  efficiency  o£  U 
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Ques.     How  is  this  lou  reduced  to 

a  minimum? 

Ans.     By  the  usual  mettiod  of  iaminat- 

ing  the  core. 

The  iron  core  is  built  up  of  very  thin  sheet 
steel  stampings,  and  these  are  in- 
sulated from  each  other  by  varnish  and  are 
iaid  face  to  face  at  right  angles  to  the  path 
that  the  eddy  cur- 
rents   tend    to    fol- 
low,  so    that    the 
currents    would 
have  to   pass  from 
sheet    to    sheet, 
through  theinsula- 
tion. 


Ques.  In  prac- 
tice, upon  what 
does  the  thickness 
of  the  laminsB  or 
stampings  depend? 


Ans.      Upon    the 
frequency. 

The  laminte  vaiy 
in  thickness  from 
about  .014  to  .026 
inch,  according  as 
the  frequency  is  re- 
spectively high    or 


Pio.  1.S44. — Genenl  Electric  10  knu,  (tyt/b  Kt  tnmrfotnier  remond  horn  Unk.  Tlut  nut 
ra  the  iteel  core  ixmimiD^  the  nuffoetic  cifciiit  outdde  of  the  wiDdicg  ii  diTided  into  lour 
equjU  sections.  Euui  eectiOD  ii  located  a  mfScient  dittaoce  from  the  winding  lo  that  m3X 
portions  of  tbe  winding  end  core  are  equally  expoeed  to  the  cooling  action  of  the  oil    On 

all  eicept  the  very  mullcM  aiie*  tbe  windmg  u  divided  b^  <:tuuiD~'~  "    '  ' " "" 

whkh  a  continual  circalation  of  oil  ia  maintained-    Tha  rcault  fi 


InthaoE 
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Ques.    Does  a  transformer  take  any  current  when  the 
secondary  circuit  is  open? 

Ans.     Yes,  a  "no  load"  current  passes  through  the  primaiy. 

Oues.    Why? 

Ans.    The  energy  thus  supplied  balances  the  core  losses. 


Ques.    Are  the  iron  or  copper  losses  the  more  im- 
portant, and  why? 

Ans.  Tliu  iron  losses,  \)ct:ause  U\v*«.-,  m-i  v,<^vft.'?.  «o.  as  long  as 
tluf  jirimary  pressure  is  ma.\iAavvi.cii,  w\i  v\\t  c^v-^\  V«.ws,  \sii». 
place  only  while  energy  isbeu^s  i^to^>.iV.^^^^^'«=«'^««=^- 
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Strictly  spcakine,  cm  ho 
load  (that  is  when  the 
secondary  circuit  is  open)  a 
slight  copper  less  takes  place 
in  the  pnmary  coil  but  be- . 
cause  of  its  snullness  is  not 
tnentioued.  It  is,  to  be  ex- 
act, included  in  the  expres- 
sion "iron  losses,"  as  the 
precise  meaning  of  this  term 
signifies  not  only  the  hysteresis 
aiid  eddy  current  losses  but  the 
copper  loss  in  the  primary  coil 
tcMn  the  secondary  is  open. 

The  importance  of  the 
iron  losses  is  apparent  in 
noting  that  in  electric  light- 
ing the  lights  are  in  use  only 
a  small  fraction  of  the  24 
houre,  but  the  iron  losses 
continue  all  the  time,  thus 
the  greater  part  of  each  day 
energy  must  be  supplied  to 
each  transformer  by  the 
power  company  to  meet 
the  losses,  during  which  time 
no  money  is  received  from 
the  customers. 

Some  companies  make  a 
minimum  charge  per  month 
whether  any  current  is  used 
or  not  to  raset  the  no  load 
transformer  losses  and  rent 
of  meter. 

Ques.  How  may  the 
iron  losses  be  reduced  to 
a  minimum? 

Ans.  By  having  short 
magnetic  paths  of  large  area 
and  using  iron  or  steel  of 
high  permeability.    The  de- 

low  aa\ 
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Ai  befora  stated  the  iron  Icmm  take  plaes  coatimallT',  sad 
tnurfonncn  are  loaded  only  a  anwn  fimctica  oC  a  di^itimq 
that  the  iron  Iomm  Bbould  be  nduoed  to  a  ndtiimtiai. 


During  May,  1010,  the  IT.  S.  Barean  at  Standaids  iMda 
diowin^  that  each  watt  aaving  to  core  loMea  ma  a  atviiv  o 
which  u  evident  economjr  in  the  nae  cf  high  gisda  tnuMfbcm 

Copper  LoMes. — Since  the  primary  and  aeoondaiy 

of  a  transformer  have  resistance,  some  of  the  energy 
will  be  lost  by  heating  the  copper.  The  amouat  of  tli 
proportional  to  square  of  the  current,  and  is  usually  s 
as  Uie  I*R  loss. 


Pm.  l.MOtol.eO.^Watiagbouw  low  Unsioa  truuft 
low  teo»ion  lii«d»  to  thaleedfr  wirES.    The  tmiaio 


-     -— „.o(th« 

Hna  tnose  of  the  larger  tiKS  haw 
lically  itrong  joint  of  high  eurreol 

ThcuMof  IheaecorneqtoramUow 

or  B  different  cajMcily  nibitimted  oBuilly  without 
I  connecton  bbo  facilit^tfl  chAo^ea  in  the  low  tefisoo 

Ques.    Define  the  copper  losses. 

Ans.  The  copper  losses  are  the  sum  of  the  I  R  losses 
the  orimary  and  secondary  windings,  and  the  eddy  cun 
in  the  conductors. 

Ques.    Is  the  eddy  current  loss  In  the  conductor 

Ans.  No,  it  is  very  small  and  may  be  disregarded, 
the  sum  of  the  I'R  losses  of  primary  and  secondary-can  1 
as  the  total  copper  loss  for  practical  vux^oses. 
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Ques.    What  effect  has  the  power  factor  on  the  copper 


Ans.  Since  the  copper  loss  depends  upon  the  current  in  the 
primary  and  secondary  windings,  it  requires  a  larger  current 
when  the  power  factor  is  low  than  when  high,  hence  the 
copper  losses  increase  with  a  lowering  of  the  power  factor. 


Pic.  1,954.— Method  of  bringinf 
formers.  Each  primary  leiu_ 
the  clinuDBtiDD  of  alt  pQsaibilit 

Ques.    What  effect  other  than  heathig  has  resistance 
In  the  windings? 

Ans.     It  causes  poor  regulation. 

This  is  objectionable,  espeejally  when  incandescent  lights  are  in  use, 
because   the  voltage  fluctuates  inversely  with  load  ch9.t\B=&,  *i^ '■«>> 
it  drops  as  lamps  are  turned  on  aad  naea  ea  ■Omtj  b.-»^vi:««&.  ^a.,-^5»- 
dudng  disiigroeable  changes  in  tihfi  br^Junc:]  'A-  ^w&'^wI^^ 
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GooUnft  of  IVansfbrmen.— Owing  to  the  &ct  tital  \ 
transformer  is  a  stationary  pieoe  of  apparatus,  not  recdrin; 
ventilation  from  moving  parts,  its  eflSdent  oooliog  beconm  a 
very  strong  feature  of  the  design,  especially  in  the  case  vt  large 
high  pressure  transformers.  The  effective  cooling  is  rendend 
more  difficult  because  transformers  are  invariably  endosed  ia 
TDon  or  less  air  tight  cases,  except  in  irery  dry  ^toattons,  irtieni 
perforated  metal  covering  may  be  permitted. 


The  final  dc^rii:  to  which  the  temperature  rises  after  con- 
tinuous working  for  soitic  hours,  depends  on  the  total  losses 
in  iron  and  copper,  on  the  total  radiating  surface,  and  on  the 
facilities  afforded  for  conlinK- 

There  arc  variouF  mclhods  of  cooling  transformers,  the 
coohng  mediums  employed  being 

1.  Air; 

2.  Oil; 

3.  Water. 

The  means  adopted  for  getting  rid  of  the  heat  which  is  inevit- 
ably developed  in  a  transformer  by  the  waste  energy  is  one  (rf 
tbe  important  considerations  with  respect  to  its  design. 
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Ques.  What  U  the  behaviour  of  a  tranaformer  with 
respect  to  heatlnft  when  operated  continuously  at  full 
load? 

Ans.  The  temperature  gradually  rises  until  at  the  end  of 
some  hours  it  becomes  constant. 

The  difference  between  the  constant  temperature  and  that  of  the 
secondary  atmosphere  is  called  the  temperature  rise  at  full  load.  lit 
amount  constitutes  a  most  important  Jeature  in  the  commercial  value  of  the 


Pros.  IJCTtoljea—Riccdalnmuliing  tor  Wcrtfaghndte' 


Ques.    Why  Is  a  high  rise  of  temperature  objectionable? 

Ans.    It  causes  rapid  deterioration  o£  the  msulation,  increased 
hysteresis  losses,  and  greater  fire  risk. 

Dry  Transformers. — This  classification  is  used  to  distinguish 

transformers  using  air  as  a  cooling  medium  from  those  which 
employ  a  liquid  such  as  water  or  oil  to  effect  the  coollag. 


Air  Cooled  Transformers. — This  name  is  given  toall  trans- 
formers which  are  cooled  by  currents  of  air  without  r^^ard  to  the 
manner  in  which  the  air  is  circulated.  There  are  two  methods 
of  circulating  the  air,  as  by 

1.  Natural  draught; 

2.  Forced  draught,  or  Uast. 
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Ques.  Describe  a  natural  drau^t  air  cooled  trana- 
former. 

Ans.  In  this  type,  the  case  containing  the  windings  is  open 
at  the  top  and  bottom.  The  column  of  air  in  the  case  expands 
as  its  temperature  rises,  becoming  lighter  than  the  cold  air  on 
the  outside  and  is  consequently  displaced  by  the  latter,  resulting 
in  a  circulation  of  air  through  the  case.  The  process  i&  identical 
with  furnace  draught. 


Pica,  l.eai  to  1.883,— FuK  blocks ..,.„ ..„.. 

tb(3  tTAnsfom;era  an  mounted  in  a  «-i«lhcT  proof  pnrctlain  fiur  1k>i  of  sp 

■tationary  contans  are  dwply  rcreiM'cl  in  Ihi-  tmrti-lain  .in'I  arr  well  KL-paralFd  frijTn  each 

other.     The  contacts  arf  !u  conjtruclni  th.it  tlir-  jiluK.ii  hild_sf(.urrly  in  plac*  by  giving 


Ques.  Describe  a  forced  draught  or  air  blast  trans- 
toxmer. 

Ans,  The  case  is  closed  at  the  bottom  and  open  at  the  top- 
A  current  of  air  is  forced  through  from  bottom  to  top  as  shown 
in  fig.  1 ,964  by  a  fan. 

Ques.     How  are  the  coils  best  adapted  to  air  cooling? 

Ans.  They  are  built  up  high  and  thin,  and  assembled  with 
spaces  betwe&i  them,  for  the  circulation  ot  ikc  a.\t. 
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Ques.  What  are  the  requirements  with  respect  to  the 
air  supply  In  forced  drau^t  transformers? 

Ans.  Air  blast  transformers  require  a  large  volume  of  air  at 
a  comparatively  low  pres^ue.  This  varies  from  one-half  to  one 
ounce  per  square  inch.  The  larger  transformers  require  greater 
pressure  to  overcome  the  resistance  of  longer  air  ducts. 


SECONDARY 


FtG,lM4,— Forced  di 

thiatypBOf  timiufomeriscooLeaDVEL „ _,_— ^.- 

the  coili  and  between  uctionaliuil  portions  of  the  core.  The  cold  Hir  ia  foTf«d  through 
the  interior  of  checorecontaininir  theoiliby  abloprer.  the  air  passing  verticaUy  thrDoirh 
the  K  ils  and  out  through  tho  lop.  Pari  at  the  air  is  soraetiniM  diverted  hmiumtJljr 
through  the  ventilating  ducts  provided  in  the  core,  pasanw  uS  at  one  ode  of  the  trans- 
fomiei.  The  amount  of  air  ^ing  through  the  coils,  or  tSraugh  tlia  con,  may  ba  con- 
trolled independently  by  pioviding  dampers  in  the  poHages. 

Ques.    How  much  air  is  used  ordinarily  for  cooling 
perkw.  of  load? 

Ans.    About  150  cu.  ft.  of  air  'pet  noisaXA. 
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In  forced  draught  transformers,  the  air  pressure  maintained  tytbe 
blower  varies  from  H  to  1!^  oi-  P?r  square  inch.  Forced  drau^t  or 
air  blast  transformers  arc  seldom  built  in  small  mies  or  far  voltaces  nigbct 
than  about  35.000  volts. 

Oil  Cooled  Transformers. — In  this  type  of  transformer  the 
coils  and  core  are  immersed  in  oil  and  provided  with  ducts  to 


Pic  196S.— Looldng  ddwn  \ 
bo»M.  which  ptovldH  ( 
chuginc  the  primaHes- 

allow  the  oil  to  circulate  by  connection  and  thtis  serve  as  a 
medium  to  transmit  the  heat  to  the  case,  from  which  it  passes 
by  radiation. 

Ques.    Explain  in  deteAX  the  circulation  of  the  oil. 

Ans.  The  oil,  heated  by  contact  with  the  exposed  surfaces 
o£  the  core  and  coils,  rises  to  tVve  surfacft,  fio-ws  <xit'«ax<i  and. 
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descends  along  the  sides  of  the  transformer  case,  from  the  outer 
surface  of  which  the  heat  is  radiated  into  the  air. 

Ques.    How  may  the  efficiency  of  this  method  of  cod- 
ing be  increased? 

Ans.     By  providing  the  case  with  external  ribs  or  fins,  or  by 
"fluting"  so  as  to  increase  the  external  cooling  surface. 


».— Section  through  W 


Ques.    In  what  types  of  transformer  Is  this  mode  of 
oil  coolhig  used? 

Ans.    Lightii^  transformers. 
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Oues.  In  what  other  capacities  except  that  of  cooling 
aftent,  does  the  oU  act? 

Ans.  It  is  a  good  insulator,  preserves  the  insulation  from 
oxidation,  increasing  the  breakdown  resistance  of  the  insula- 
tion, and  generally  restores  the  insulation  in  case  o£  puncttire. 


Ques.    What  Is  the  special  objection  to  oil? 

Am.     Danger  of  fire, 

Quea.    What  kind  of  oil  Is  used  in  transformers? 
ins.    Mineral  oil. 
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Ques.  What  are  the  requirements  of  a  good  grade  of 
transformer  oil? 

Ans.  It  should  show  very  little  evaporation  at  212°  Fahr., 
and  should  not  give  off  gases  at  such  a  rate  as  to  produce  an 
sxplosive  mixture  with  the  air  at  a.  temperate  below  356°.  It 
should  not  contain  moisture,  acid,  alkali  or  sulphur  compounds. 


mSL^ 


The  presence  of  moisture  can  be  detected  by  thrusting  a  red  hot  naU 
in  the  oil;  if  the  oil  "crackle,"  water  is  present,  M<^ture  maybe 
removed  by  raiang  the  temperature  slightly  above  thft  ^»»KMfc  ^«i3*-, 
212°  Fahr,  but  the  time  consumeid  (.wven^L  &k]^  vi 
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Water  Cooled  Transformen. — ^A  vater  cooled  transfonna 
is  one  in  which  water  is  the  cx>oling  agent,  and,  in  most  cases, 
oil  is  the  medium  by  which  heat  is  transferred  from  the  coils  to 
the  water.  In  construction,  pipes  or  a  jacketed  casing  is  pro- 
vided through  which  the  cooling  water  is  passed  by  forced  as- 
culatioo,  as  shown  in  figs.  1,970  and  1,971. 


ie  oil  takes  place,  ai  indicated  by  the  arrowi 
ccavta  as  it  flows  past  the  transfonncr  coils  i 


„-,-,-    - „ , ^  ,--,,  _-_.  .a,  with  cDolina  coil 

in  this  type,  the  coolinfc  cmL.  Ihroush  which  tbc  circulating 

:  top  of  thecawir  lank,  the  Ulier  isflllvd  with  oil  so  that  tha 

act*  simuly  as  a  nu-dium  to  transfer  the  heat  senrrated  by 

^irculatinj  thrmu-hjIuulinH  eoLI.     In  operation  a  continnal 

111  retpcctivcly. 

In  some  cases  tubular  conductors  are   provided  for  the  cir- 
culation of  the  water. 

Water  cooled  transformers  may  be  divided  into  two  classes, 
aa  those  having: 
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1.  Internal  cooling  ccnls; 

2.  Bxtemal  cooling  coils. 

Ques.    Describe  the  first  named  type. 

Ans.     Inside  the  transformer  case  near  the  top  is  placed  a 
coil  of  wrought  iron  pipe,  through  which  the  cooling  water  is 


Here  foreed  dfcutation  it  imploiFBd 
m  (oill  mid  the  cooling  leent  (wmttr).  two  putnpi  being 
Jie  tT^nsfDnner  caac  at  the  loireat  point  and  abvorbiiiE 
it  nine*  off  through  the  tx>p  connection  Leading  to  the 
Since  the  trauifoioieT  tank  u  cloaed.  an  ei^aniion  tack 
'  the  cril  due  to  heating.    The  water  cuculation  ia 


II  pravided  to  allow  for  > 
arranged  as  illuatiated. 

pumped.  The  case  is  filled  with  oil,  which  by  ihermo-circulation 
flows  upward  through  the  coils,  transferring  the  heat  absorbed 
from  the  coils  to  the  vaXea;  on  cooling  it  becomes  more  dense 
(heavier)  and  descends  along  the  inade  9aria»&  ^'C&k  tassi^. 


BAwass  BiacnaoTT 


\ 


Ques.    How  mudi  drcidatinft  ^mitar  la  required? 

Ans.    It  depends  upon  the  difierence  between  the  initial  i 
disdiai^ge  temperatures  o£  the  circulating  water. 


QiMB.      In    wat 
«iolcd 
how 

surfece  la  requti 
for  an  Intanud  on 
InftCoU? 

Ans.  The  surface 
the  cooling  coil  shoi 
be  from  .5  to  1.3  ; 
in.  per  watt  of  to; 
transformer  loss,  depen 
ing  upon  the  amount 
heat  whi<di  the  extern 
surface  of  the  tran 
former    case     will     di 


For  a  water  tempi 
ature  rise  of  43°  Fall 
1.32  lbs.  of  water  r 
minute  is  required  j 
kw.  of  load. 
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Flo.  1,972.— Interior  of  General  Electric  wawr  cooled     1a<-I»\«         Tl,;^        ^,\^i^ 
UaOOO  volt  tranifomerrimwing  cooling  coil.  iBtlOn. IhlS        SUbjC 

has  not,  until  the  la 
few  years,  been  given  the  same  special  attention  that  mai 
other  electrical  nroblems  have  received,  althou:^  the  devdopmei 
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of  the  transformer  from  its  originat  fonn,  consisting  of  an 
iron  core  enclosed  by  coils  of  wire,  to  its  present  degree  of  refine- 
ment and  economy  of  material,  has  been  comparatively  rapid. 

In  transformer  construction  it  is  obviously  very  important 
that  the  insulation  be  of  the  best  quality  to  prevent  bum  outs 
and  interruptions  of  service. 

Ques.    What  Is  the  "major"  insulation? 

Ans.  The  insulation  placed  between  the  core  and  secondary 
(low  pressure)  coils,  and  between  the  primary  and  secondary  coils. 


valt  CruiifoTmer. 


It  consists  usually  of  mica  tubes,  sometimes  applied  as  sheets  held  in 
place  by  the  windings,  when  no  ventilating  ducts  are  provided,  or  moulded 
to  correct  fonn  and  held  between  sheets  of  tough  insulating  material 
where  ducts  are  provided  for  air  or  oil  circulation. 

Ques.    Describe  the  "minor"  insulation. 

Ans,     It  is  the  insulation  placed  between  adjacent  turns  of 
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tMrtmw  at  cottcn  wrapped  around  eadi  coodoctor.    Tor  lamii  a» 
ductoiB,  the  ordinaTy  double  covcnd  magnet  wire  ia  aatiabctoty. 

Oues.    What  Is  the  mott  efflfdent  liuulatiiiA  matcttal 
for  tranafoTmen? 

Ans.    Mica. 
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ich  19  oftfli  the  item  of  srcatcAt  ejipmsc  ji 
inMalled. 


iion.  60  cycles.  Tbns  outdoor  ti 
e  nnd  have  been  developed  to  meet  aa 
cr  or  of  voltages  hitihcr  thui  ■»  usuAllr 
digtrilnjtinif  traiuLormen  for  high  volt- 
rvict.  (or  TOl,U««i  up  to  1  lO.OOa  When 
1  eipHisive  iiHtallslion,  tfinifonneTi  of 
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Oil  Insulated  Transformers. — High  voltage  transformers 
are  insulated  with  oil,  as  it  is  very  important  to  maintain  careful 
insulation  not  only  between  the  coils,  but  also  between  the  coils 
and  the  core.  In  the  case  of  high  voltage  transformers,  any 
accidental  static  discharge,  such  as  that  due  to  lighting,  which 
might  destroy  one  of  the  air  insulated  type,  might  be  success- 
fully withstood  by  one  insulated  with  oil,  for  if  the  oil  insulation 
be  damaged  it  will  mend  itself  at  once. 

By  providing  good  circulation  for  the  oil,  the  transformer  can 
get  rid  of  the  heat  produced  in  it  readily  and  operate  at  a  low 
temperature,  which  not  only  increases  its  life  but  cuts  down 
the  electric  resistance  of  the  copper  conductors  and  therefore 
the  I*  R  loss.   • 


EflBciency  of  Transformers. — The  efficiency  of  transformers 
is  the  ratio  of  the  electric  power  delivered  at  the  secondary  terminals 
to  the  electric  power  absorbed  at  the  primary  terminals. 

Accordingly,  the  output  must  equal  the  input  minus  the 
losses.  If  the  iron  and  copper  losses  at  a  given  load  be  known, 
their  values  and  consequently  the  efficiency  at  other  loads  may 
be  readily  calculated. 

EXAMPLE. — If  a  10  kilowatt  constant  pressure  transformer 
at  full  load  and  temperature  have  a  copper  loss  of  .16  kilowatt, 
or  1.6  per  cent.,  and  the  iron  loss  be  the  same,  then  its 

efficiency  =  £H^EHL  = }^ X  100  =  96.9  per  cent 

input         10 +  .16 +  .16  ^ 

At  three-quarters  load  the  output  will  be  7.5  kilowatts;  and  as 

the  iron  loss  is  practically  constant  at  all  loads  and  the  copper 

loss  is  proportional  to  the  square  of  the  load,  the 

efficiency  =- ^ISBHL- lA x  100  =  96,&  5^  ^sss^ 

input       7-6  +  .lft+*W 
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Taa  matter  of  efficiency  is  important,  especially  in  the  cas 
large  transformeTS,  as  a  low  efficiency  not  only  means  a  ]i 
waste  of  power  in  the  form  of  heat,  but  also  a  great  tncreas 
the  difficulties  encountered  in  keeping  the  apparatus  c 
The  efficiency  curve  shown  in  fig.  1,975,  serves  to  indicate,  h 
ever,  how  sUght  a  margin  actually  remains  for  improvement 
this  particular  in  the  design  and  construction  of  large  transfoim 


»   /'' 

^ 

E" 

1"^ 

c 

NORMAL   OUTPUT,  PER  CENT 
t  aim  of  Westinghouu  37S  kir.,  transFonner.   PrBMuta  GOO  to 
iin.     Efficicncin  al  dilTcrcnt  loads:    full  load  efficiercy.  M<?r: 
•Vfi  ■jtulll-MilsffieiiT.o-,  IIT-flT,;   'ifuUtoadefficieneyOfl.l'^- 
0  load.  \.V,.;  load  havrng  .9  power  tictor.  3.39i. 


The  effidencj"  ot  transformers  is,  in  general,  higher  than  that  ot  o 
electrical  machines;  even  in  quite  small  siies  it  reaches  over  90  per  o 
and  in  the  largest,  is  frmiuenily  as  hijjh  as  03.5  per  cent. 

To  mfasiire  t!ic  elTicicncj'  of  a  transformer  directly,  by  measu 
input  and  output,  doi's  not  onsiitiite  a  satisfactory  method  when 
efficiency  is  so  high.  A  vei*/  accv\T».>.c.Ti«.i'.>.  cira,  be  ohtained,  liowe 
by  measuring  separately, by  >KaUT(\c\.ei,'CwetQXtaiA<3»s?«aV«EKi. 
The  core  loss  is  mcas«reAW.V^»f^^=■■^^^S^,^^^'^'"■*' 
trausfomier  is  on  circuit  at  ^  "^^  «^*  t>«Twi.\.«^'^ 
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The  copper  loss  is  measured  by  pladng  a  nattmeter  in  drouit  with  tho 
piimary  when  the  secoadary  is  short  circuited,  and  when  enough  pressure 
IS  apphed  to  cause  full  locul  current  to  flow. 

It  It  he  desired  to  separate  the  load  losses  from  the  true  I'R  loss,  the 
resistances  can  be  measured,  and  the  I'R  loss  calculated  and  subtracted 
from  the  wattmeter  reading.  The  losses  being  known,  the  efficiency  at 
any  load  is  readily  found  by  taking  the  core  loss  as  constant  and  the 
copper  loss  as  varying  proportionally  to  the  square  of  the  load.     Thus, 


°»'°"'T-  „„,",T„„  xioo 


output 
output  +  Ic 

All  Day  Efficiency  of  Transf  ormera. — This  denotes  the  ratio 
of  the  total  watt  hour  output  of  a  transformer  to  the  total  watt 
hour  input  taken  over  a  working  day.  To  compute  this  effi- 
ciency it  is  necessary  to  know  the  load  curve  of  the  transformer 
over  a  day.  Suppose  that  this  is  equivalent  to  6  hours  at  full  load, 
and  19  hours  at  no  load.  Then,  if  Wi  be  the  core  loss  in  watts. 
Wi  the  copper  loss  at  rated  load,  and  W  the  rated  output, 

output  =  6  X  W, 

losses    =  6  (W,  +  W.)  +  19  W,, 

input    =  5  (W  +  W,  +  WO  +  19  W., 

and  the  all  day  efficiency  is  equal  to 

5  W  X  100 


5CW  + Wi  + W.)  +  19W, 


percent. 


Commercial  or  all  day  efficiency  is  a  most  important  point  in 
a  good  transformer.  The  principal  factor  in  securing  a  high  all 
day  efficiency  is  to  keep  the  core  loss  as  low  as  possible.  The 
core  loss  is  constant — it  continues  while  current  is  supplied  to 
the  primary,  while  copper  loss  takes  place  only  when  the  sec- 
ondary is  deliverii^  energy. 

In  general,  if  a  transformer  is  to  be  operated  at  light  loads 
the  greater  part  <A  the  day,  it  is  much.  -mErt^  «33MicK«::^"^*i  --^sie. 
one  designed  for  a  smaU  iron  \oss  tlnan.  Vat  ^  ^maa.  VSi^^K« 
copper  loss. 


I    mis!""""""      '■ 
I     ™>«*». — ^Thess  mar  be 

I     f««W»-    Kg.I,07«A™ 

'     *>nbl»  polo  fu»  box  opa. 

•tad  fig.  1.977.  tho  f™  I, 

"Peoed    and    tho    tubes  i 

W.W.W,  W.  ontorijgU 
b^from  beneath,  two  » 
wan  the  primary  mains.  .11 
two  lead  to  the  primary  CO 
ol  the  transformer.  Thes 
wires  terminate  in  metaUi 
receptacles  R,R,R,Rj„^ 
porcelain  plate  P.  fi,  j  gjj 
which   are    bridged    ov,i  i. 

pairs  by  fnse  wires  placed  in- 
side porcelain  tnbes  T  T  as 
shown  in  Bg.  1,976,  '-Thest 
tubes  are  air  tight  except  for 
a  snmU  outlet    O    in   each 

which  fit  into  the  receptacles 
a.  B.  m  the  porcelain  plate 
and  open  out  at  the  back  of 
theblock.asshowninfig  i  977 
The  fuse  wires  are  comiect- 
ed  between  metalKo  spring 
tubes  S,S,S.S,  which  fit  intt 
the  receptacles  R,  R,  R  R 

Ha  sudden  load  or  a  short 
arcuit  occur  in  the  trans- 
totinas,    t,hs     " 
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accompanying  the  melting  or  blowing  of  the  fcise,  causes  a  rapid 
expansion  of  the  air  inside  the  tube,  so  that  a  strong  blast  of  air 
rushes  through  the  outlet  O  of  the  tube  and  immediately  extfaor 
guishes  the  arc. 

By  this  arrangement,  sustained  arcing  is  prevented,  as  the  action  of 
the  tube  causes  the  arc  to  extinguish  itself  automatically  when  the 
current  is  interrupted. 

The  porcelain  tubes  are  held  in  position  by  the  spring  K,  and  the 
primary  of  the  transformer  becomes  entirely  disconnected  from  the 
circuit  when  the  tubes  are  lifted  out. 

This  form  of  construction  enables  the  lineman  to  detach  the  tabes 
from  the  fuse  box,  and  insert  the  fuse  at  his  convenience,   Furthermora^ 


too  VOLTS    LINE  PRESSURE 


80  VOLTS 


aOVOLTS-^- 


80  TURNS 


>-<- 20  TURNS'^ 


100  TURNS 


^ 


Fig.  1 .978. — Diagram  illustrating  oonnectkni  and  prindplea  of 
in  the  accomiMmying  text. 

when  inserting  fuse  in  a  short  circuited  line,  he  does  not  run  the  risk  ol 
being  hurt,  as  the  heated  vapor  of  the  exploding  fuse  can  escape  through 
the  outlet  provided  for  that  purpose,  and  in  a  predeterminea  directioii. 


The  method  of  attaching  the  lid  not  only  permits  of  qtiide  aooeit  to 
the  interior  of  the  box,  but  enables  the  lineman  to  tighten  the  joints 
by  means  of  the  thumb  screws  L,  L,  so  as  to  keep  the  box  waterproof. 


Auto-transfonners. — In  this  dass  of  transformer,  thero  is 
only  one  winding  which  serves  for  both  primary  and  secondary. 
On  account  of  its  simplicity  it  is  made  cheaply. 

Auto-transformers  are  used  where  the  ratio  of  transformation  is  smalU 
as  a  considerable  saving  in  copper  and  iron  can.  b^  <gM:^fc&^^aB^*'^aibr^^oi^ 
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1,978  inustrates  the  electrical  ooonectioos  and  the  rdatioot 
between  the  volts  and  number  of  turns. 

By  using  the  end  wireand  tapping  in  on  turn  No.  20  a  conent  at  20 
volts  pressure  is  readily  obtained  which  may  be  used  for  starting  up 
motors  requiring  a  large  starting  current  and  yet  not  draw  heavily  on 
timeline. 

Since  the  primary  is  connected  directly  to  the  secondary  it  would  be 
dangerous  to  use  an  auto-transformer  on  high  pressure  orcuits.  This 
type  of  transformer  has  only  a  limited  use,  usually  as  compensator  for 
motor  starting  bc»Ks. 
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Pigs.  1,979  and  1,980. — Two  winding  transformer  and  single  winding  or  auto-transformer. 
Fig.  1,979  shows  a  200:100  volt  transformer  having  a  10  amp.  primar>'  and  a  20  amp.  secon- 
dary, the  currents  being  in  opposite  directions.  If  these  currents  be  superposed  by  using 
one  winding  only,  the  auto-transformer  shown  in  fig.  1 .980  is  obtained  where  the  winding 
carries  10  amp.  only  and  re<]uires  only  one-half  the  copper  (assumins  the  same  mean 
length  of  turn) .  If  R  be  the  ratio  of  an  auto-transformer,  the  relative  size  of  it  compared  with 

K  —  1 
A  transformer  of  the  same  ratio  and  output  is  as  — rr-  :  1.      Fo.-  example, «  10  kw.  trani- 

former  of  400  volts  primary  and  300  volts  secondary  could  be  replaced  by  an  auto- 
transformer  oflO  X  ■  -  o« —  *  2.5  kw.;  or,  in  other  words,  the  amount  of  material  tued 

in  a  2yi  kw.  tranifonner  ooold  be  used  to  wind  an  auto-transformer  of  400 :  800  ratio  and 
10  kw.  outjrat. 


Constant  Current  Transformers  for  Series  Arc  Light- 
ing.— The  principle  of   the  constant  current  transformer  as 
used  for  series  arc  lighting  is  xea^v  AxcA^es^XAKA  \^^  "K^^^fiscoofie 
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to  the  elementary  diagram  shown  in  fig.  1,981.  A  constant 
alternating  current  is  supplied  to  the  stationary  primary  coil 
which  induces  a  current  in  the  movable  secondary  coil.  The 
presstu"e  induced  in  the  coil  will  depend  on  the  number  of  lines 
of  flux  which  pass  through  it  and  by  changing  its  position  in 
the  magnetic  field  over  the  primary  a  variable  e.m.f.  can  be 
produced  and  a  constant  current  maintained  in  the  lighting 
circuit  when  the  lamps  are  turned  on  or  off,  or  if  the  resistance 
of  the  circuit  be  lowered  by  the  consumption  of  the  carbons. 


WE19HT 


SECONDARY 


ALTERNATOR 


PRIMARY 


1 


CONSTANT 

^cuKRErrril^ 

LAMP& 


Fig.  1.981. — Elementary  diaRram  illustrating  the  principles  of  constant  current  transformet 
as  used  for  series  arc  lighting. 

Since  the  induced  currents  in  the  secondary  are  repelled  by 
the  primary  there  is  a  tendency  for  the  secondary  coil  to  jump 
out  of  the  primary  field,  and  in  case  of  a  very  large  current  due 
to  a  short  circuit  in  the  lamp  circuit,  the  secondary  current  is 
quickly  reduced  to  normal  by  the  rapid  movement  of  the  coil 
upward. 

By  adjusting  the  counterweight  for  a  given  number  of  amperes 
required  by  the  arc,  the  current  will  be  maintained  constant 
by  the  movement  of  the  seooadary  ooL 
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The  magnetic  fidd  produced  by  the  primary  nmst  be  fe 
the  same  by  a  constant  current  from  the  alternator,  thenf< 
when  the  lamp  load  is  increased  the  primary  voltage  incres 
^milar  to  that  of  an  ordinary  series  wound  direct  cnn 
dynamo,  la  other  words  the  alternator  and  regulating  tn 
former  supply  a  constant  current  and  variable  voltage. 


MAGNETIC  COHE 


imps  9  5  ampc  Th  rmera  rchiinBe»ble  »nd 

......     .00  o  Th  vep"n  wo         mi.   be  clumged  in  o 

to  reauUw  the  sirenaih  of  the  eurrent  more  drjwU ,  by  shihmg  the  position  of  the 
carrying  the  count  erha  lance  by  mean*  of  the  adjusling  Ecrtw  on  it.     AdaA  pot  filled  ■ 

the  larnpi  nearly  conttant.  «hcn  they  are  being  cut  in  or  out  of  the  circuit.     In  stw 


Constant  current  incandescent  lighting  systems  for  use 
pmall  towns  also  use  this  method  for  automatically  r^iulati 
the  current. 


TXANSFORltBKS 


1,126 


Reftulatton. — Thia  term  applies  to  the  means  adopted  either 
to  obtain  constancy  of  pressure  or  current.  In  the  transformer, 
regulation  is  inherent,  that  is,  the  apparatus  automatically 
effects  its  own  regulation.  The  regulation  of  a  transformar 
means,  the  change  of  voltage  due  to  change  of  load  on  the  secondary; 
it  may  be  de6ned  more  precisely  as:  the  percentage  increase  in 
the  secondary  voltage  as  the  load  is  decreased  from  its  normal  value 
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to  zero.    Thus,  observation  should  be  made  of  the 
voltage,  at  full  load  and  at  no  load,  the  primary  pressure  bei 
held  constant  at  the  normal  value. 

The  T^ulation  is  laid  to  be  "good"  or  ''cloee."  when  this  chonc 
small.  In  the  design  of  a,  trai^annet,  locA  tc^Ab^mki.  bs<&.Ve« 
Asms  are  in  opposition  to  one  aaoUici  w^nv  ^la'^ictt' ««»^^  "*"  ^'*" 
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both.     A  1 

former,    however, 

£ood  results,  both  as  to  r_„ 

Uon  and  inm  losses,  the  rektivv 
value  depending  upoo  the  dam 


Transformer  Connec- 
tions.—The  alternating  cui^ 
rent  has  the  advantage  over 
direct  current,  in  the  ease  with 

which  the  jircssure  and  current 
can  be  changed  by  different 
connections  of  transformers. 

On  single  phase  circuits  the 
Iransfonncr  connections  can 
be  \aried  to  change  current 
and  jjressure,  and  in  addition 
on  ])olyphasc  circuits  the 
pliastsj  can  also  be  changed  to 
almost  any  form. 


Si 


IssmJ 


Single  Phase  Connec- 
tions. — The  method  of  con- 
necting ordinary  distributii^ 
tr.insforTiKT^  to  constant  pres- 
sure mains  is  shown  by  the 
i-li'im-nlary  diagram,  fig,  1,984, 
where  a  transformer  of  10  to 
1  ratio  is  indicated  with  its 
primary  winding  connected  to 

'  3S^  ^  1,000  volt  main,  and  a 
-2.?    secondary  winding  to  ddiver 

-  li      VOO  voV«. 
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Fig.  1,986  shows  a  transformer  with  each  winding  dividedinto 
two  sections.  Each  primary  section  is  wound  for  1,000  voltSp 
and  each  secondary  section  for  60  volts.  By  connecting  the 
entire  primary  winding  in  series,  the  transformer  may  be  suppUed 
from  a  2,000  volt  main,  as  indicated,  and  if  the  secondary 
winding  be  also  connected  all  in  series,  as  shown,  the  no  load 
voltage  will  be  100  between  the  secondary  terminals. 


2000  V. 


1000  V- 


1000  V. 


Pig.  1,986. — Diagram  of  single  phase  transformer  having  primary  and  Mooodary  windiagi  In 
two  sections,  showing  voltages  per  section  with 


The  sections  of  the  primary  winding  may  be  connected  in 
parallel  to  a  1,000  volt  main,  and  100  volts  obtained  from  the 
secondary,  or  the  primary  and  secondary  windings  may  be 
connected  each  with  its  two  sections  in  parallel,  and  trans- 
formations made  from  1,000  to  50  volts  as  represented  in  fig.  1,087. 

This  is  a  verjr  commoii  method  of  construction  for  small  transformera, 
which  are  provided  with  convenient  terminal  blocks  for  oombiningthe 
sections  of  each  winding  to  suit  the  requirements  of  the  case.  When 
the  two  sections  of  either  winding  are  connected  in  parallel  as  shown  in 
fig.  1,987,  care  must  be  taken  to  connect  correayrndfaaL^^aada^  ^  ^^>b«i^ 
sections  togeiherm 
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ComUninft  Tratuformen. — ^Two  or  mcve  tnuufon 
built  to  operate  at  the  same  pressure  and  froquency  may  be  ( 
nected  together  in  a  variety  of  ways;  in  fact,  the  primary 
Becxmdary  terminals  may  each  be  considered  esactly  as 
terminals  of  direct  cuirent  dynamos,  with  certain  restriction 


1000  VOLT   UNE 


t 


* tOOO  V. *i  f»-  100Q  V.  > 

<  50  V.  C        '^ ^°  ^* * 


6,  •howing  volW«et  pet  section  wiih  panllel 

Ques.  What  are  the  two  principal  precautions  wh 
must  be  observed  in  combining  traasformer  termlnalf 

Ans.  The  terminals  must  have  the  same  polarity  at  a  gi' 
instant,  and  the  transfonners  should  have  practically  ident 
characteristics. 

The  latter  condition  is  not  absolutely  essentia],  but  it  is  emphatic 

E referable.  For  example,  if  a  transformer,  whidi  has  2  per  cent,  n 
ition,  be  connected  in  parallel ,  as  indicated  in  fig.  1,988,  with  one  wl 
has  3  per  cent,  regulation,  at  no  load  the  transformers  will  give  en 
tie  same  voltage  at  the  secondav^  \«Tmiiiiis.,\fi'i.B.vVi&.V»i\.aofc 

The  remit  is  thit  tlie  a»rfomK  »-™ato*l  w  •«»>»'«^'»». 
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to  a  reverse  pressure  of  one  volt  from  its  mate.  This  will  not  cause 
excessive  current  to  flow  backwaixl  through  the  secondary  winding  of 
the  low  voltage  transformer,  but  it  will  disturb  the  phase  relations  and 
lower  the  power  factor  and  efficiency  of  the  combination.  In  such  a 
case  it  is  much  better  to  work  the  secondary  circuits  of  the  two  trans- . 
formers  separately. 

In  case  the  transformers  have  practically  the  same  characteristics  it 
IS  necessary,  as  stated  above,  to  xnake  sure  that  the  secondary  tenninals 
connected  together  have  the  same  polarity  at  a  s^ven  instant;  it  is  not 
necessary  to  And  out  definitely  what  the  ix>larity  is,  merdy  that  it  is  the 
same  for  both  terminals.    This  can  be  easily  done  as  shown  infig.  1,980. 


PRIMARY 


VQQQOa 


MAIN     1000   YOLT$ 

f 
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KsmsmsmaoJ 
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100  VOLTS  NO  LOAD 
98    »»    FULL    •• 


too  VOLTS  NO  LOAD 
97    »»    FULL  - 


[main 


SECONDARY 


Pig.  1,988. — Diagram  showing  unlike  single  phase  tramfdnnert  in  panilkit 


Ques.  What  may  be  said  with  respect  to  operatliig 
transformer  secondaries  in  parallel? 

Ans.  It  is  seldom  advantageous.  Occasionally  it  may  be 
necessary  as  a  temporary  expedient,  but  where  the  load  is  such  as 
to  require  a  greater  capacity  thanthatof  a  transformer  already  in- 
stalled, it  is  much  better  to  replace  it  by  a  large  transformer  than 
to  supplement  it  by  an  additional  transformer  of  its  own  size. 

Ques.  How  are  the  secondaries  arranged  in  modem 
transformers  and  why? 

Ans.  The  secondary  windings  are  divided  into  at  least  two 
sections  so  that  they  may  be 
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Ques.    Bqilaln  how  ■econdaiy 
for  dlfferait  Toltages. 

Ans.  If 9  for  instance,  the  aeooodaiy  prassoro  of  a  tra: 
former  having  two  sections  be  100  volts  vnth  the  tenninals 
parallel,  as  in  fig.  1,090,  then  odnnectixig  them  in  series  wiUg 
200  volts  at  the  free  secondary  tenninala,  as  indicated  infig.1,9 

Ques.  What  precaution  ahouU  be  taken  in  connecd 
secondary  sections  In  parallel  In  core  type  if  the  t 
sections  be  wound  on  different  Umbe  of  the  core? 


Pig.  1;980. — Method  of  comparinfir  instantaneous  polarity.  Two  of  the  terminals  are  c 
nected  as  shown  by  a  sznall  strip  of  fuse  wire,  and  then  touching  the  other  two  termix 
together.  If  the  fuse  blow,  then  the  connections  must  be  I'everaad;  if  it  ^  not,  t 
they  may  be  made  pennanent. 

Ans.  It  will  be  advisable  to  make  the  connections  amp 
and  permanent,  so  that  there  will  not  be  any  liability  to 
difference  between  the  current  flowing  in  one  secondaxy  windi] 
and  that  flowing  through  the  other. 

Two  Phase  C!onnections. — In  the  case  of  two  phase  di 
ribution  each  circuit  may  be  treated  as  entirely  independei 
!  the  other  so  far  as  the  transformers  are  conoenied.    Ti 
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transf onnen  are  used,  (me  be> 
ing  connected  to  one  primarjr 
plutse  and  supplying  one 
secondary  phase,  the  other 
being  connected  to  the  other 
primary  phase  and  Bt^>plying 
the  other  secondary  i^iase  as 
indicated  in  fig.  1,996,  exactly 
as  though  each  primary  and 
secondary  phase  were  an  or- 
dinary single  phase  system,  in- 
dependent of  the  other  fdtase. 

Ques.      la  the  aboTe 
method  usually  empk^^  ? 

Ans.    No,  the  method  shown 
in  fig.  1,997  is  generally  used. 

Three  Phase  GonnectiDiii; 

— There  is  not  so  much  fireer 
dom  in  making  three  phase 
vTansformer  connections,  as 
with  single  or  two  phase,  be- 
cause the  three  phases  are 
inseparably  interlinked.  How- 
evet,  the  system  gives  rise  to 
several  methods  of  transformer 
connection,  wbichare  knownas: 

1.  Star; 

2.  Delta; 

3.  Star-delta; 

4.  T><iaar4iax. 
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SECONDARY     120  VOLTS 
DELTA    CONNECTION 


SECONDARY      220  VOLTS 
STAR   CONNECTION 
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Star  Connection. — This  method  conasts  in  connecting  both  the 
primaries  and  secondaries  in  star  grouping,  as  in  fig.  1,993. 

Delta-star  Connection. — In  this  method  the  primaries  are  con- 
nected in  ddta  grouping  and  the  secondaries  in  star  grouping,  f>3  in 


Ques.  What  advantage  has  the  star  connection  over 
the  delta  connection? 

Ans.  Each  star  transformer  is  wound  for  only  68%  of  the 
line  voltage.  In  high  voltage  transmission,  this  admits  of  mudi 
smaller  transformers  being  bttilt  for  high  pressure  than  possible 
with  the  d^ta.  connection. 
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Ques.  What  advantages  are  obtained  wldi  the  delta 
ocmnection? 

Ans.  When  three  transformers  are  delta  connected,  one 
may  be  removed  without  interrupting  the  performance  of  the 
circuit,  the  two  remaining  transformers  in  a  manner  acting  in 
series  to  carry  the  load  of  the  missing  transformer. 


Pic.  l.tW7. — Two  phase  transformer  connections,  with  secondaries  arranged  for  three  wim 
distribution,^  the  primaries  being  independently  connected  to  the  two  phases.  In  the 
three  wire  circuit,  the  middle  or  neutral  wire  is  made  about  one-half  larger  thaji  each  o£ 
the  two  outer  wires.  In  fig.  1 ,906  it  makes  no  difference  which  secondary  terminal  of  a  trans* 
former  is  comiected  to  a  given  secondary  wire,  so  long  as  no  transformers  are  used  ia 
parallel.  For  example,  referring  to  the  diagram,  the  left  hand  secondary  terminal  ok 
transfonner.  A,  could  just  as  well  be  connected  to  the  lower  wire  of  the  secondary  phase, 
A,  and  its  right  hand  terminal  connected  to  the  upper  wire,  the  only  requirement  being 
that  the  two  pairs  of  mains  shall  not  be  "mixed* ' ;  that  is.  transformer.  A,  must  not  be  con- 
nected with  one  secondary  terminal  to  phase,  A.  and  the  other  to  phase,  B.  In  the  case 
■hown  by  fig.  1.907,  there  is  not  quite  so  much  freedom  in  making  connections.  One 
■eoondary  terminal  of  each  transformer  must  be  connected  to  one  of  the  outer  wires  and 
the  other  two  terminals  must  be  both  connected  to  the  larger  middle  wire  of  the  secondary 
ay  stem.  It  makes  no  difference,  however,  which  two  secondary  terminals  are  joined  and 
connected  to  the  middle  wire  so  long  as  the  other  terminal  ot  each  transformer  ia  oon 
nected  to  an  outer  wire  of  the  accoadaxy  system. 

The  desire  to  guard  against  a  shut  down  due  to  the  disabling  of  one 
transformer  has  led  to  the  extensive  use  of  the  delta  connection,  espe- 
cttZlK /or  tbe  seooodarios  oc  V>w  pieesflm  «^ 
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It  should  be  noted  that  if  one  transformer  be  disabled,  the  efficiency 
of  the  other  two  will  be  greatly  reduced.  To  operate  a  damaged 
three  phase  transformer,  the  damaged  windings  must  be  separated 
electrically  from  the  other  coils,  the  damaged  primary  and  secondary 
being  respectively  short  circuited  upon  then::Selves. 

Ques.    What  kinds  of  transformers  are  used  for  three 
phase  current  ? 

Ans.     Either  a  three  phase  transformer,  or  a  separate  single 
phase  transformer  for  each  phase. 


Pa 


Kjsmmsmoj  Ksmmiomu 


Pb 


o 


o 


Pig.  1 ,998. — Three  wire  connections  for  transformer  having  two  secondary  sections  on  different 
legs  of  the  core.  If  the  secondary  terminals  be  connected  up  to  a  three  wire  distribtrtion, 
as  here  shown  diagrammatically,  it  is  advisable  to  make  the  fuse,  2,  in  the  middle  wire, 
considerably  smaller  than  necessary  to  pass  the  normal  load  in  either  side  of  the  circuit, 
because,  should  the  fuse,  1,  be  blown,  the  secondary  circuit  through  the  section.  Sa,  will 
be  open,  and  the  corresponding  half  of  the  primary  winding.  Pa,  will  have  a  much  higher 
impedance  than  the  halt  of  the  primary  winding,  Pb,  the  inductance  of  which  is  so  nearly 
neutralized  by  the  load  on  the  secondary  winding,  Sb.  The  result  will  be  that  the  voltage  of 
the  primary  section.  Pa,  will  be  very  much  greater  than  that  of  the  section,  Pb,  and  as  the 
sections  are  in  series  the  current  must  be  the  same  through  both  halves  c^  the  winding; 
the  drop  or  difference  of  pressure,  therefore,  between  the  terminals  of  Pa  will  be  much 
higher  than  that  between  the  terminals  of  Pb,  consequently,  the  secondary  voltage  of  Sb 
wul  be  greatly  lowered  and  the  service  impaired.  As  the  primary  winding.  Pa,  is  designed 
to  take  only  one-half  of  the  total  voltage*,  the  imbalancing  referred  to  wul  subject  it  to  a 
considerably  higher  pressure  than  the  normal  value;  consequently,  the  magnetic  density 
in  that  leg  of  the  tra^iaformer  core  will  be  much  higher  than  normal,  and  the  transformer 
will  heat  msastrously.  If  the  fuse,  2,  in  the  middle  wire  be  made,  say.  one-half  the  capac- 
ity ol  each  of  the  other  fuses,  this  condition  will  be  relieved  by  the  blowing  of  this  ruse, 
and  as  the  lamps  in  the  live  circuit  would  not  be  anywhere  near  candle  power  if  the  circuit 
remained  intact,  the  blowing  of  the  middle  fuse  wiU  not  be  any  disadvantage  to  the  user 
of  the  lamps.  Some  makers  avoid  the  contingency  just  descnbed  by  dividing  each  sec- 
ondary coil  into  two  sections  and  connecting  a  section  on  one  leg  in  series  with  a  sectiofci 
on  the  other  leg  of  the  core,  to  that  current  applied  to  eithisc  \)aac  ^^SoA^Msatd^aort ' 
nals  will  drculata  about  both  kgi  ol  tbft  cm^ 
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Ques.  Whatpolnti 
are  to  be  considered 
In  choosing  between 
three  phase  and  shigle 
phase  transformers 
for  three  phase  cur- 
rent trausformatlon? 

Ans.  No  specific  nils 
can  be  given  regarding 
the  selection  of  single 
phase  or  three  phase 
transformers  since  both 
designs  are  equally  re* 
liable;  local  conditions 
will  generally  determine 
which  type  is  preferable. 

The  following  general 

remarks   may,    however, 

bchflj.lul: 


group  is  installed  and 
where  i  ■■-■  ...j.^.;^  of  a 
spare  Ir.in.'.furnicr  wouJd 
not  lio  w:Lrr,inteti.  Instich 
iiiilallationa  the  tjura  out 
of  one  phase  of  a  three 
phase  unit  would  cause 
considerable  incouvem- 
enee  for  the  reason  that 
the  whole  transformer 
wnuU  l],i\'i-  to  be  discon< 
nected  from  the  circuit 
before   repairs   could   be 

If  single  phase  trans- 
formers be  used  and  con- 
nected in  delta,  on.  ts^ii. 
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ttia  damaged  tnaafonner  can  bo  cot  out  irlth  a  minimtmi  aora 
trouble  and  the  other  two  traorfotmen  can  bo  operated  at  ncxiu 
penttnre  opes  ddta  at  SS  per  cent,  of  the  nonnal  capaci^  ot  the 
of  three  tnaatonners,  until  the  third  tndt  can  be  rcpbtced. 

With  a  three  phase  shell  type  tranafonner,  if  both  liie  primai 
■econdair  be  defta  ccmnected,  trouble  in  one  phaae  irill  not  pien 
uae  of  the  other  two  phases  in  open  ddta.  By  Short  drcuitiiii 
piimar;  and  aecondair  c^  the  defective  l^iue,  and  catting  it 


irindingor.  ono  lide  of  tt..  ^ ,  — 

tlut  on  the  other  md*.  As  a  result,  the  drop  of  voltage  in  chuct  •lae  at  me  uc 
ondef  uiy  ordinary  conditions  oE  unbalanced  Inad.  dofi  not  exceed  the  listed  reff 
drop.     Thii  particular  arrangement  ii  used  because  it  is  the  limplett  and  beat  met! 


circuit  the  magnetic  flux  in  that  section  is  entirely  neutralized. 
cannot  be  done,  however,  with  any  but  delta  connected  shdl 
transformers. 

Where  a  large  number  of  three  phase  transformers  can  be  used 
generally  advisable  lo  install  three  phase  units,  the  following  advai 
ucing  in  their  favor  as  compared  with  single  ^hase  units: 
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1.  Require  less  flcx)r  space  than  three  single  phase  units; 

2.  Weigh  less  than  the  single  phase  units; 

3.  Simpler  connections,  as  only  three  primary  and  three  secondary 

leads  are  generally  brought  out; 

4.  Transformer  presents  a  symmetrical  and  compact  appearance. 

Ques.  What  is  the  character  of  the  construction  of 
three  phase  transformers? 

Ans.  The  three  phase  transformer  is  practic^y  similar 
to  that  of  the  single  phase,  except  that  somewhat  heavier  and 
larger  parts  are  required  for  the  core  structtire. 

COMPARISON  OF  AIR  BLAST,  WATER  COOLED,  AND  OIL  COOLED 

TRANSFORMERS 


Air  blast  type 


Water  cooled  type 


Oil  cooled  type 


1.  COST 


A.  First  cost 

Necessarily  more  ex- 
pensive than  the  water 
cooled  type  of  similar 
rating. 

B. 

The  installation  is  ex- 
tremely simple. 

Moisture  that  may 
have  collected  on  the 
surfaces  during  trans- 
portation or  storage 
should  be  thoroughly 
dried  out. 


Least  expensive  of  all 
types. 


I 


Being  heavier  than 
the  air  blast  type,  these 
transformers,  as  a  rule, 
require  heavier  appa- 
ratus for  installing.  Both 
transformer  and  tank 
should  be  thoroughly 
dried  out  before  tSing 
filled  with  oil. 

The  oil  is  usually  sup- 
plied in  50  gal.  her- 
metically sealed  steel 
barrels  to  minimize  pos- 
sibility of  absorbing 
moisture  during  trans- 
portatioa. 


Necessarily  more  ex- 
pensive than  the  air 
blast  and  water  cooled 
type  of  similar  rating. 


Being  heavier  than 
tiie  air  blast  and  water 
cooled  type,  these  trans- 
formers reauire  heavier 
apparatus  for  installing. 
Both  transformer  and 
tank  should  be  thor- 
oughly dried  out  before 
being  filled  with  oil. 
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C.  Auxiliary  apparatus 

A  duct,  or  chamber, 

In  most  cases,  cooline 
water  may  be  obtained 

Do  not  iwiuire  cool- 
ing water  or  blower- 

required  under  the  trans- 

with   sufficient    natural 

formed  in  order  to  con- 

head.      However,   there 

are    frequent    cases    in 

which  It  can  be  obtained 

A   blower   outfit    for 

only  by  the  use  of  pumps. 
A    system   of    piping 

C  upplying  air  is  required. 

for   the   cooling    water 

and  oil  drainage  is  re- 

quired, the  cost  of  which 
depends,   of   course,   on 

the  station  layout. 

D.  Maintenance 

ing,  for  which  a  supply 

fit    would   possibly    re- 
quire a  trifle  more  at- 

culation to  demand  at- 

ot   compressed    air    at 

tention. 

aliotit    20    lb.    pressure 

tention   tlian   a   blower 

The  blower  outfit  rc- 

are  no  valves  or  piping. 

Uian  any  other  similar 

ipjiaratii^. 

2.  FLOOR  SPACE 


lixtra  spat:e  only  re- 
quired when  auxiliary 
pumping  apparatus  is 
necessary. 


Only  require  space 
for  the  transformer  as 
no    extra   apparatus  is 


3.  LOCATION 

As    the    transformers 

Transformers  are  com- 

are open  at  the  lop  they 

pletely  enclosed  but  lo- 

pletely  enclosed  but  lo- 

where     there    is    much 

that  no  water  will  fall 

that  no  water  will  fall 

water  from  any  source 

The   building  should 

is  liable  to  fall  on  them. 

be  well  ventilated. 
There  is  no  auxiliary 

The  blower  shoul.I  be 

Location  of  auxiliary 

apparatus. 

apparatus  will  depend  on 

clean  dry  air  of  a  tem- 

lieratiire      not     greater 

than  77*  Fahr. 

\                                           
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4.  GENERAL  APPEARANCE 


Terminal  leads  may 
be  located  in  the  base 
and  the  air  chamber 
may  be  used  for  con- 
ducting and  distributing 
the  connecting  wiring. 

The  absence  of  over- 
head wiring  aids  in  sim- 
plifying the  appearance 
of  the  station. 


Leads  are  brought  out 
of  the  top  of  the  trans- 
formers. 

Water  cooling  pipes 
are  connected  at  the  top 
in  most  cases. 


Leads  are  brou^it  oat 
of  the  top  of  the 

fonnere. 


5.  OPERATION 


Equal  reliability  in  all  three  types. 

"Wnile  full  load  eflficiencies  are  practically  equal  in  the  three  destgni,  ft 
is  necessary  to  change  the  proportion  of  iron  and  copper  losses  some^^at  ai 
the  copper  loss  of  the  air  blast  transfonncr  is  a  smaller  part  of  its  total  loH 
than  of  the  water  cooled  and  oil  cooled  types.  As  a  result,  the  r^ulattoQ  of 
the  air  blast  transformer  is  a  trifle  better. 


6.  GENERAL 


The  above  information  regarding  selection  of  type  is  not  applicable  to 
air  blast  transformers  for  circuits  materially  in  excess  of  33,000  volts. 

On  account  of  the  great  thickness  of  the  s<3lid  insulation  needed  and  the 
conseq^uent  diflficulty  in  radiating  heat  from  the  copi)cr,  it  is  impracticable  . 
to  design  the  air  blast  typte  for  more  than  this  voltage.    The  oil  immersed 
designs  are  therefore  recommended  for  transformers  above  33,000  volts. 

Botii  oil  cooled  and  water  cooled  types  are  available  for  all  voltageSi 
being  restricted  in  this  respect  only  by  the  limitations  of  transmission  facilities. 


Ques.    How  are  transformers  connected  for  four  wire 
three  phase  distribution? 

Ans.    When  the  secondaries  of  three  transformers  are  star 


IfOTEw— No  qiecUl  foundationi  mre  necesMrv  for  mny  type  of  tnniformer  othei 
tbaa  M  good,  even  door.  JiAving  luffident  itreiictii  to  tugpoct  tlue 
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connected,  a  fourth 
wire  may  be  run  from 
the  neutral  point, 
thus  obtaining  the 
four  wire  system. 

The  vbllagc  between 
any  main  wire  and  the 
neutral  will  be  57  per 
cent,  of  the  volti^e 
tetween  any  two  main 
wires.  For  general  dis- 
tribution tliis  system 
is  desirable,  requiring 
less  copper  and  greater 
ttcxibihty  than  other 
systems. 

Three  phaae  200 
voh  -motors  may  be 
supplied  from  the 
mam  wires  and  115 
volt  lamps  connected 
between  each  of  the 
three  main  wires  and 
the  neutral;  if  the 
lamp  load  be  very 
nearly  balanced  the 
current  flowing  in  the 
neutral  wire  will  be 
very  small,  as  in  the 
esse  of   the  ordinary 


How    to   Test 
TransformerB. — 

The  troubles  incident 
to  gas  or  water  serv- 
ice have  their  par- 
allels in  electric 
power  distribution. 
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y^^^ 


P    111 
111    1^ 


K  tilll 


/ 


in  the  former,  cred 
a  large  percenta] 
of  tbedr  losses  I 
leaky  valves  ai 
defective  main 
The  remedy  mi 
involve  heavy  ei 
penseand  thelo 
is  often  tolerate 
as  the  lesser  < 
two  evils. 

In  electric  poi 
er  distribution  tl 
transformer  talo 
ill  part  the  placet 
tlic  valve  andpif 
system.  An  ii 
fcrior  or  defecti\ 
transformer  nst 
ally  treats  bot 
the  central  static 
and  its  customa 
badly,  beinKinth 
respi'cl  more  in 
])arlial  than  the  gj 
urwaler  pipewliic 
may  annoy  but  on 
of  the  iiitereste 
jiartics  at  a  time. 

I.ikt'   a   neglect* 

tiire  .1  transform! 
can  menace  ]ite,faj 
iiig,  Iiowcver,  logii 
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itilJIiH 


location. 
Apart    from 


ated 

who 
complains  at 
homeAnd  tohis 
friends  of  dim 
black. 


U 
life 


power  station 
the  manager, 
who,  also  wor- 
ried and  in  no 
belter     humor. 


inipiat  the  end 
of  the  line. 
His   business 


he  cannot  do 
btcausc  of  these 
meter  readings. 


that  his  line  is 
ui)an>lallrii;ht, 
but  he  very  scl- 


mates  ^5^  "s   «»' 
Perhaps    the    fe 

-  J      passed,      ar«       ■°'^t"ig5, 

ft  ""^'SS^-- 

I      books    coiT""-""' 

li     «ely  the  methr^       '*'* 
If      '°™-testS"t^  «  " 

i|     "BTs  of  doMri.  —      M 
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An  ammeter,  voltmeter  and  wattmeter  are  required  to  make 
the  tests.  Losses  are  small  in  good  transformers  and  hence  the 
instruments  should  be  accurate.  For  the  same  reason  in- 
struments shouJd  be  chosen  of  the  proper  capacity  to  give  their 
best  readings.  If  there  be  any  doubt  about  the  testing  instru- 
ments being  correct,  they  should  be  cahbrated  before  being 


used.  The  testing  circuits  should  be  properly  fused  for  the 
protection  of  the  instruments.  It  is  hardly  logical,  but  a  very 
common  practice  is  to  mistrust  meters  and  to  watch  them  closely, 
while  the  transformers  are  guilty  of  theft  unchallenged,  ami 
lieep  busily  at  it  on  a  large  scale. 
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Transformer  Operation  with  Grounded   Seoondai;.- 

Tlie  operation  of  a  Iraiisformer  with  a  grounded  secondary  hat 
been  approved  by  the  American  Institute  of  Electrical  Engineen, 
anj  by  the  National  Board  of  Fire  Underwriters, 

This  method  of  operation  cffcctiially  prevents  a  high  volt^ 
occurring  upon  the  low  tension  wires  in  case  <rf  a  brealolowii  oi 
other  electrical  connections  occurring  between  the  primary  and 
sci-ondary  windings. 


Pio.  2.017.— Mr,W 


In  case  of  a  breakdown  without  the  secondary  grounded, 
any  one  touching  a  part  df  the  low  tension  system,  such  as  a 
lamp  socket,  might  receive  the  full  high  prcs.sure  voltage.  With 
the  low  tension  grounded,  the  fuse  in  the  high  tension  circuit 
wili  blow  and  the  fault  be  discovered  upon  replacing  it. 
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^  t  Transformer  Capacity  for  Motors.— The  voltage  regulation 

wfiif  a  well  designed  transformer  is  within  3  per  cent,  of  its  rated 

--voltage  on  a  non-inductive  load  such  as  incandescent  lamps, 

nit  when  motors  are  connected  to  the  circuit  their  self-induction 

^auses  a  loss  of  5  per  cent,  or  more,  and  if  the  load  be  fluctuating, 

vt  is  better  to  use  independent  transformers  for  the  motor,  which 

^  jrill  prevent  considerable  fluctuations  in  the  incandescent  lamps. 

Arc  lamps  do  not  show  slight  voltage  changes  as  much  as  in- 

:amdesccnt  lamps.     The  proper  rating  of  transformers  for  two 

phasje  and  three  phase  induction  motors  is  given  in  table  on 

the  next  page. 


PiQ.  2,013. — Moloney  current  IiHiufonner  stritchboard  fh 


A  three  phase  induction  motor  may  be  operated  from  three 
single  phase  transformers  or  one  three  phase  transformer.  While 
the  one  three  phase  transformer  greatly  reduces  the  space  and 
simplifies  the  wiring,  the  use  o£  tbxoQ  sai^&  ^oasa  \t*s^sK5sa»A 
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is  more  flexible  and,  in  case  one  transformer  bums  out,  theoon- 
nection  can  be  readily  changed  so  that  two  txazisfaniiecs  inQ 
operate  the  motor  at  reduced  load  until  the  burned  out  trans- 
former is  replaced  or  repaired. 


2080  %C 


2080  V 

_t_ 


C80V 

-f- 

208V 


PiO.  2,019. — ^Diagram  showing  a  method  of  operating  a  thre6  phase  motor  oa  a 

circuit,  using  a  transformer  having  a  tap  made  in  the  middle  of  the  aacondary  wiimUk 
so  as  to  get  the  necessary  additional  phase.     While  this  does  not  stvo  a  tme  frrlfir^ 
three  phase  secondary,  it  is  close  enough  for  motor  work.    In  the  above  arraogemeQt,  da 
main  transformer  sullies  54  per  cent,  of  the  current  and  the  other  with  the  split 
46  per  cent. 

It  is  well  to  allow  one  kilowatt  per  horse  power  of  the  motor  in 
selecting  the  size  for  the  transformers,  excepting  in  the  small 
sizes  when  a  little  larger  kilowatt  rating  is  found  to  be  the  most 
desirable. 

Transformers  for  Two  and  Three  Phase  Motors 


Delivered 

voltage  of 

circuit 

Single  phase  transformer  voltages 

110  volt  motor 

220  volt  motor 

Primary 

Secondary 

Primary 

Secondary 

1,100 
2,200 

1,100 
2,200 

122 
122 

1,100 
2,200 

244 
244 

Very  small  transformers  should  not  be  used,  even  when  the 
motor  is  large  compared  to  the  work  it  has  to  do,  as  the  heavy 
starting  cturent  may  bum  them  out. 

The  following  tables  give  the  proper  sizes  of  transformer  for 
three  types  of  induction  motor  and  the  approximate  current 
takaa  by  throe  phase  induction  motors  at  220  volt^. 
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Capacities  of  Tranaformera  for  Induction  Moton 


Kilowatts  per  transformer 

Size  of  motor 

Two  single 

Three  single 

Onethree 

horse  power 

phase 

'  phase 

phase 

transformers 

transformers 

1 

0.6 

0.6 

2 

1.6 

1.0 

2.0 

3 

2.0 

1.6 

8.0 

6 

3.0 

2.0 

6.0 

7 

4.0 

8.0 

7.6 

10 

5.0 

4.0 

10.0 

15 

7.5 

5.0 

15.0 

20 

10.0 

7.6 

20.0 

30 

15.0 

10.0 

30.0 

50 

25.0 

15.0 

50.0 

75 

40.0 

25.0 

75.0 

100 

50.0 

30.0 

100.0 

Current  taken  by  Three  Phase  Induction  Motors  at  220  Volts 


Horse  power 

Approximate  full 

Horse  power 

Approximate  full 

of  motor 

load  current 

of  motor 

load  current 

1 

3.2 

20 

60. 

2 

6.0 

30 

76. 

3 

9.0 

60 

126. 

5 

14.0 

76 

186. 

10 

27.0 

100 

250. 

15 

40.0 

• 

150 

370. 

Transformer  Connections  for  Motors.— Fig.  2,020  shows 
the  connection  of  a  three  phase  so  called  delta  connected  trans- 
former with  the  three  primaries  connected  to  the  lines  leading 
from  the  alternator  and  the  three  secondaries  leading  to  the 
motor. 

The  connections  for  a  three  phase  motor  using  two  tranft- 
formers  is  shown  in  £g.  2,021  Wd^  \!a«n^ksEl\.'^irfiOci'^^  '^«?^>ew^ 
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arrangement,  except  that  one  transfomier  is  left  oat  and  the 
other  two  made  correspondingly  larger. 

The  copper  required  in  any  three  wire  three  phase  circtdt  £n 
a  given  power  and  loss  is  75  per  cent,  that  necessary  with  tbo 
two  wire  single  phase  or  four  wire  two  phase  S3rstem  having  the 
same  voltage  between  lines. 


OENERATOn 


M01W 


Fig.  2,020. — Three   phase   motor   transtomicr   connections;   the  so-called    Delta 
transformers. 


The  connections  of  three  transformers  for  a  low  tenskm 
system  of  distribution  by  the  four  wire  three  phase  system  are 
shown  in  fig.  2,022.  The  three  transfomiers  have  their  primaries 
joined  in  delta  connection  and  the  secondaries  in  **Y"  con- 


6CNenATOf^ 


HOTOn 


PlO.  2,021. — ^Three  phase  motor  connections  tising  two  transformers. 

nection.     The  three  upper  lines  of  the  secondary  are  the  three 
main  three  phase  lines,  and  the  lowest  line  is  the  common  neutral. 

The  voltage  across  the  main  oonductors  is  200  volts,  while  that 
between  either  of  them  and  the  neutral  is  115  volts;  200  volt  motors 
should  be  joined  to  the  mains  while  115  volt  lami>s  are  connected 
between  the  mains  and  neutraU    The  arrangement  is  similar  to  the 
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Edison  three  wire  system  and  the  neutral  carries  current  only  when  the 
lamp  load  is  unbalanced. 

The  voltage  between  the  mains  should  be  used  in  calculating  the 
size  of  wires,  and  the  size  of  the  neutral  wire  should  be  made  in  pro- 
portion to  each  of  the  main  conductors  that  the  lighting  load  is  to  the 
total  load. 


GENERATOR 


T 


T 

I 
I 


it 


A        r 

200V  2ob\: 


I 


I 


tISV.  II5V.  115 V 

•        •       1 
.JE Y      ♦ 


Fig.  2.022. — Delta-«tar  connection  of  three  tramformen  for  low  preMure.  three  phaae,  four 
wire  system. 

When  lights  only  are  used  the  neutral  should  be  the  same  as  the 
main  conductors.  The  copper  required  in  such  a  system  for  a  ^ven 
power  and  loss  is  about  33.3  per  cent,  as  compared  with  a  two  wire  sm^e 
phase  system  or  a  four  wire  two  phase  system  using  the  same  voltage. 


Pig.  2,023.-— Diagram  of  transfonner  connections  for  motors  on  the  nonocycUo  sjsteui* 


Monocyclic  Motor  System.— Motors  on  the  monocyclic 
system  are  operated  from  two  transformers  connected  as  shown 
in  fig.  2,023.  In  the  monocyclic  system  the  single  phase  current 
is  used  to  supply  the  lighting  load  and  two  wires  only  are  nec- 
essary, but  if  a  self -starting  induction  motor  be  required,  a  third 
or  teaser  wire  is  brought  to  the  motor  and  Vwo  \x^»s.\»raNssc5.\iSft^, 


1.0 BAWKimrjqjicnucrrr 

The  teaaer  wixe  supplies  the  qonter  pliMaB  cttnent  nqutsl 

to  start  the  motor,  whidi  aftarwarda  mna  aa  a  sin^  phos 
synchronous  motor  and  little  or  no  current  flowi  thfoogb 
the  teaser  circuit  as  long  aa  the  motor  keeps  in  syncfarodnn; 
in  case  it  fall  behind,  the  teaser  curreat  tends  to  bring  it  Vf 
to  speed  instead  of  the  motor  stopping,  as  would  be  tlie  GMB 
of  a  single  phase  motor. 


VKL  t,OM. — Uolcoor  flamias  koto  tna  arc  lamp  tranrfomur  fur  110  tdIU  prlmvr  to  tS 
nlta  ■BeomUry.  A  hook  In  bottvn  of  caM  prondoa  nwAoi  for  aiupeniiDa  of  lamp.  Tbi 
taMdcRBor  mar  b*  optntsd  on  circalta  from  100  to  130  volU  pnmarr.  SO  to  60  v«Hi 
WBtaidary.    Tlis  aaoonlarT  capadtjr  li  8  to  13  ampaaa. 

The  vdtage  of  the  transformers  should  be  tested  by  means  of 
a  voltmeter  or  two  incandescent  lamps  joined  in  series,  before 
starting  up  the  motor,  to  see  if  the  proper  transformar  con- 
nections have  been  made  and  prevent  an  excessive  flow  of  current. 

If  on*  of  tha  taiafomim  be  nmnad  Um  voltage  will  ba  almcat 
'   donbledi  bfiut^itlaftvaad  ften  In  diadc  apallthetrBnrfornierooa- 
lHalkaavf''  ^■'ck  WH  cAbii  Btvs  a  bum  Mb 
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ingcment  of  links  on 
e  connecting  board 


—1 100  VOLTS 


Primary  coils 
will  be  con- 
nected in 


-995V0LTS 


For  circuit 

volt^e 
nomuuat 


Multiple 


—2200  VOLTS 


^^^^ 


—2095  VOLTS 


f^^^ 


—1990  VOLTS 


Multiple 


Series 


Series 


Series 


1,100 


Ratio  of  transform- 
ation at  no  load 


with  second- 
ary coils  in 
multiple 


10:1 


1,100 


2,200 


2,200 


2.200 


9.05 : 1 


With  ncond" 
ary  coils  in 


5:1 


20:1 


19.05 : 1 


18.1 : 1 


4.52 : 1 


10:1 


9.5:1 


9.05 : 1 


2.025  to  2,020. — Diagnins  of  Wa^er  tiaasfonner  connection  board,  and  table  dumradv 
irious  arrangements  of  the  tenaaaaal  links.  <?<■>■  ■■^^^■^1;^^  tB^o&saciBdifi^ca^  ^i^&km^  'v^. 
itable  primary  v6tUi0Qi. 


i 


p 


Fro.  2,031.— Diaj 

^^dlry  o'f'Rra"""'  ""'"""'  ''^       '  ""  '""  '"'"  '"  ""  "™" 

to  which  one  of  the  fetxier  cimductora  is  attached,  the  other  f 

volts  mny  hit  adiiod  to  the  has  bar  pressure  at  will,  and  the  drop  blcnff  P  a 


s  Bhown.     The  olher  end  of  the  : 
■   ■      '  -    -   multiplB   way 

ire.  bv  numipulaS- 
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CHAPTER  LIII 

CONVERTERS 

The  alternating  current  must  change  to  a  direct  current  in 
many  cases  as  in  railroad  work  because  the  induction  motor  is 
not  so  satisfactory  as  the  direct  current  series  motor  and  the 
alternating  current  series  motor  is  slow  in  coming  into  general  use. 

In  all  kinds  of  electrolytic  work,  transformation  mu$t  be  made, 
and  in  many  cities  where  the  direct  current  system  was  started, 
it  is  still  continued  for  local  distribution,  but  the  large  main 
stations  generating  alternating  currents  and  frequently  located 
some  distance  away  from  the  center  of  distribution  have  replaced 
a  number  of  small  central  stations. 

Transformation  may  be  made  by  any  of  the  following  methods: 

1.  Rotary  converters; 

2.  Motor  generator  sets; 

3.  *Mercury  vapor  rectifiers; 

4.  ♦Electrolytic  rectifiers. 

Strictly  speaking,  a  converter  is  a  revolving  apparatus  for  ton^ 
verting  alternating  current  into  direct  current  or  vice  versa;  it  is 
usually  called  a  rotary  converter  and  is  to  be  distinguished  from 
the  other  methods  mentioned  above. 

Broadly,  however,  a  converter  may  be  considered  as  any 
species  of  apparatus  for  changing  electrical  energy  from  one  form 
in0  another. 


•J^orS.— JRcctifien  an  *«p»*s***'<  m  dataSl  Va  CbKofUtclD 
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Accx>rding  to  the  standardization  niles  of  the  A.  I.  £.  £■ 
converters  may  be  classified  as: 

1.  Direct  ctirrent  converters; 

2.  Synchronous  converters; 

3.  Motor  converters; 

4.  Frequency  converters; 

6.  Rotary  phase  converters. 


tor  boUi.    In  tbii  cut  only  one  £dd  ii  needed;  nich  a  machine  a  called  ■  caan 


A  direct  cnureat  converter  converts  from  a  direct  current  to  a 
direct  current. 

A  aynchronous   converter   (commonlr  called   a  rotary  converter) 
converts  from  an  tjternating  current  to  a  airect  current. 

A  motor  converter  is  a  combinatioo  of  an  induction  motor  with  a 
■yndironous  converter,  the  secondaiy  of  the  former  feeding  the  arma- 
ture of  the  latter  with  current  at  some  frequency  other  than  the  im- 
pressed frequency;  that  is,  it  is  a  flyndironoua  converter  ir 
tntb  Jtn  iiuuction  motM. 


CONVERTBta 


A  FraquflDcy  Connrter  (prefenbbr  called  &  fn^iMC^  dimtl''') 
converts  altematiiis  cuirent  at  one  frequencr  into  utaiiatinc  oincnt 
of  another  frequency,  with  or  without  ■  duinga  in  the  nnmber  of  pham 
or  voltages. 

A  Rotary  PhaM  Converter  changes  alteniatlng  cumnt  of  one  or 
more  phases  into  alternatiiig  current  of  a  different  munber  of  ^unM^ 
but  of  the  same  frequency. 


Rotary  Converters. — ^The  syndironous  or  rotaiy  cooTerter 
conasts  of  a  synchronous  motor  and  a  direct  current  generator 
combined  in  one  machine.  It  resembles  a  direct  cuirent  gen- 
erator with  an  unusually  laige  camAnrtatttf  and  an  auxiliB«( 
set  of  collector  lings. 
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Quet.    In  ftenend,  how  does  a  rotary  converter  operate? 

Ans.     On  the  collector  ring  side  it  operates  as  a  synchronous 
motor,  while  on  the  commutator  side,  as  a  dynamo. 

Its  desiga  in  certain  respects  is  a  compioiniae  between  oltematinf! 
current  aaa  direct  current  practice  meet  aotioBably  with  respect  to  the 
number  of  poles  and  speed. 

Ques.    Upon  what  doee  the  speed  depend? 

Ans.    Since  the  input  side  consists  of  a  syndironous  motor. 


PtO.  3,aSB.— Dtumn ' 

[Kxnta  tm  the 
■Ida  toe  tha 


p  rotary  oonveitcr.    This  is  idenUco]  with 

I  that  mother  pair  ot  coUec' — ' "-' 

_t  right  angles  to  the  fint,  ^y 

I  phaae  current.    The  jaeaiure  will 


.  —  the  altcnut- 
each  phMC  u  in 
I  will  oe  ujiul  to 


the  speed  is  governed  by  the  frequency  of  the  alternating  current 
supplied,  and  the  number  of  poles. 


- i£  ja  shown  to  ampHy  tt«  BX\l^KCA.^^o^    \x\.  'i-sactioB  drum  woiuid 


1^1 


With  this  dmple  '"■■*t~'  the  faQowiiw  prindplM  can  be  Aaaaa- 
Btmted: 

1.  If  the  oai  be  rotated,  elteraatiiig  cuireata  cen  be  Ukeo  bam  the 
collector  Tings  and  it  is  called  an  alternator. 

2.  By  connecting  up  the  wires  from  the  oammutator  ■Bgmeota^  a 
direct  current  will  now  in  the  eztemal  drcuit  making  a  dynamo. 

3.  Two  separate  cuirenta  can  be  taken  from  the  aimatttie,  one  K 


i  current  gtnerator. 


4.  If  a  direct  current  be  sent  in  the  armature  coil  through  the  com* 
mutator,  the  coil  will  begin  to  rotate  as  in  a  motor  and  an  alternating 
current  can  be  taken  out  of  the  collector  rings.  Such  an  airangemait 
is  called  an  inverted  rotary  tonverUr. 

6.  If  the  machine  be  brought  up  to  synchronous  speed  by  estemal 
means  and  then  supplied  with  alternating  current  at  the  collector  rings, 
then  if  the  direction  of  the  current  through  the  armature  coil  and  uie 
pole  piece  have  the  pro^  magnetic  rdation,  the  coil  will  continue  to 
rotate  in  synchronism  with  the  current.  A  direct  current  can  be  talus, 
from  the  oommutator,  and  wh^  nyrt  ^h'lii^^v*^*^*'^™^*'''^**^^^^'**^  ^ktcs^'^ 
a  rotary  tomirltr. 
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Figs,  2,037  to  2,041.  —  Various 
rotary  converter  and  transfonner 
connections.  Pig.  2,037  two 
phase  connections;  fig.  2,088 
three  phase  delta  connections; 
fig.  2,089  three  phase  Y  or  star 
connections;  fig.  2.040  six  phase 
delta  connections;  lig.  2.041  sis 
phase  Y  connections. 
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Ques.  What  is  the  relation  between  the  impressed 
alternating  pressure  and  the  direct  pressure  at  the  com- 
mutator? 

Ans.  The  ratio  between  the  impressed  alternating  pressure 
and  the  direct  current  pressure  given  out  is  theoretically  constant, 
therefore,  the  direct  pressure  will  always  be  as  1  to  .707  for 
single  phase  converters  or  if  the  pressure  of  the  machine  used 
above  indicate  100  volts  at  the  direct  current  end,  it  will  indicate 
70.7  volts  at  the  alternating  current  side  of  the  circtdt. 

Ques.    Name  two  different  classes  of  converter. 

Ans.     Single  phase  and  polyphase. 

Ques.    What  is  the  advantage  of  pol3n[>hase  converters? 

Ans.  In  the  majority  of  cases  two  or  three  phase  converters 
are  used  on  account  of  economy  of  copper  in  the  transmission 
line. 

Ques.  How  is  the  armature  of  a  polyphase  converter 
connected  ? 

Ans.  Similar  to  that  of  an  alternator  with  either  delta  or 
Y  connections. 

Figs.  2,037  to  2,041  show  various  converter  connections  between  the 
collector  rings  and  commutator. 

Fig.  2,037  indicates  how  the  armature  is  tapped  for  two  phase  con- 
nections. 

Fig.  2,038  shows  three  phase  delta  connections,  and  fig.  2,039  the 
three  phase  Y  or  star  connections. 

Six  phase  delta  and  Y  connections  are  frequently  used  as  shown  in 
fig.  2,040  and  fig.  2,041,  both  of  which  require  two  secondary  coils  in 
the  transformer,  one  set  of  which  is  reversed,  so  as  to  supply  the  current 
in  the  proper  direction. 

Ques.  With  respect  to  the  wave,  what  is  the  relation 
between  the  direct  and  alternating  pressures  ? 

Ans.    The  direct  current  voltage  will  be  ea^iaV  tj5>  ^hs&  ^at^^^ 
of  the  pressure  wave  while  the  alt.eni8i^}a\:&  N^towy^  ""K^  ^K^^wa^ 
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on  the  virtual  value  of  the  maximum  voltage  of  the  wave  accord- 
ing to  the  connections  employed. 

In  a  single  phase  rotary,  the  value  of  the  direct  pressure  is  1  to  .707, 
therefore  a  rotary  which  must  supply  600  volts  direct  current  must  be 
supplied  by  600 X. 707  =  424  volts  alternating  current.  For  three  phase 
rotaries  the  ratio  is  1  to  .612,  or  in  order  to  produce  600  volts  direct 
current,  600X612  =  367  volts  on  the  alternating  current  side  of  the 
rotary  is  required. 


^'IG.  2,042. --Wcbtinghouse  rotary  converter  armature  coils.  These  arc  wound  from  bar 
cr>ppcr  and  arc  interchangeable.  The  armature  coils  are  heavily  insulated  to  withstand 
the  tests  specified  in  the  standardization  rules  of  the  American  Institute  of  Electrical 
Engineers 

Fig.  2,034  shows  a  complete  diagram  of  the  electrical  connections. 
A  single  i)hase  rotary  is  illustrated  so  as  to  simplify  the  wiring. 

The  table  of  Steinmetz  on  page  1,464  gives  the  values  of  the  alter- 
nating volts  and  amperes  in  units  of  direct  current. 


Ques.  How  is  the  voltage  of  a  rotary  varied  on  the 
direct  current  side? 

Ans.  Pressure  or  potential  regulators  are  put  in  the  high 
tension  aUc mating  current  circuit  and  may  be  regulated  by  small 
motors  operated  from  the  main  smtckbo^iX^Qt  o^^x'^^^Ns^^^^as^^^ 


1,486  BAWKINS  BLECTRICITY 

Ques.    What  is  the  advantage  of  unity  power  factor  foi 
rotaiy  converters? 

Ans.     It  prevents  overheating  when  the  rotary  is  delivering 
its  full  load  in  watts. 

Ques.    What  greatly  influences  the  power  factor  of  the 
hi^  tension  line? 

Ans.    The  strength  of  the  magnetic  fidd. 


Pio.  2/148.— Westinghouse 

Bt«l.     T-     '-     ■-'  - 
■lots  ths 


Ques.    Does  variation  of  the  field  strength  materially 
affect  the  voltageF 


Since  variation  of  the  field  strength  does  not  materially  affect  the 


roltage,  by  adjusting  the  resistance  in  series  with  the  magnetic  circuit, 
the  strength  of  the  field  can  be  changed  and  the  power  factor  kept  1 
or  nearly  1  as  different  loads  are  thrown  on  and  off  the  rotary. 

Ques.    What  Is  the  effect  of  a  field  too  strong  or  too 
weak? 

Ans.    li  too  strong,  a  leatoi^  caxteiA.  \&  -^i^oSiMKRA..  »sui  if  too 
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lak,  the  current  lags,  both  of  which  reduce  the  power  factor 
d  are  objectionable. 

Usually  there  is  a  power  factor  meter  connected  up  in  the  main  gener- 
atiflg  station  and  one  also  in  the  rotary  substation,  and  it  is  the  duty  of 
the  attendant  at  the  substation  to  maintain  the  proper  power  factor. 

Ques.    What  Is  the  ordinary  rai^e  of  sizes  of  rotaiies? 

Ftc»u  3  kw.  to  3,000  kw. 


ToUry  cdnTBTter.     Ths  ai 
- '  'Bi*  are  ted  out  from  tl 


Ques.  What  Is  the  general  construction  of  a  rotary 
tnTerter. 

Ans.  It  is  built  ^milar  to  a  dynamo  with  the  addition  of 
itable  collector  rings  connected  to  the  armature  windings  at 
)ints  having  the  proper  phase  relations. 

Standard  rotaiy  converters  hav«  been  developed  for  25  and  60  cycles. 
The  standard  railway  machines  are  compound  wound,  the  series  field 
being  designed  for  a  compounding  of  600  volts  at  no  kud  and  full  load 
when  supplied  from  a  source  of  constant  pressure  with  not  more  than  10 
per  cent,  resistance  drop  and  with  20  to  SO  per  cent.  r«acJ:iUM:»'m.'^&i&^s- 
cuit.   ThalaigeMiemacfaineearemaaSy^romAtot^g.'^ftMifc^^P"*'^'*^ 
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large  cities  and  siimlar  installations  where  due  to  the  larger 
number  of  car  units  demanding  power,  the  load  is  more  nearly 
constant. 

Ratio  of  Conversion. — The  relation  between  the  alternating 
and  direct  current  voltages  varies  slightly  in  different  machines, 


iunUd.    Bi 


bnuh  rigsinff  ahovinfl  method  of  hcmang  tJia 

ina  tbs  bnubM  i* 
r  toe  rods  on  which 


jrted  by  a  riBid  cast  iron  rocker  ring  which  fit* 
aled  from  tho  ringi,  cury 


due  to  differences  in  design.  The  best  operating  conditions 
exist  when  the  desired  direct  current  voltage  is  obtained  with 
unity  power  factor  at  the  converter  ^enraosis,  Voft».NR»2iR&- 
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I 


Fn.  JW8.— Wcaluiehouse  coromutating  polo  rolair  convCTter,  The  constnirtim  i 
>ra  substantially  the  Bame  as  (or  the  railway  coovrrttr,  witheiHtritiiJn  of  the  commt 
poke  The  Bpplicatiiin  of  cunimutatmR  pole  cnni-irtera  ii  parlicu)3rly  d«irii!)j 
rjiccial  rtiiiiirrmmts  such  as  Kirat  ovirlwid  capacity  or  lanra  capacity  nnd  tow  ( 

converters  fulfill  the  same  fumiinris  na  in  the  mwe  familiar  appflcations  to  (liiiaii: 
motors.  That  ii.  tho  commutatinn  pnle  iinurm  sparkless  commutation  from  r 
to  hoai-y  overloads  with  a,  fliied  Imishfinsitiriii.  Brush  shiftiog  devicda  bi«  not  fui 
on  coromutaling  polo  convcrlrri.  C'mmutating  pnlo  rotatv  converteis  for  i 
•cmca  are  nmmalfif  amm^.fiir  wrtomalic  ornipwiniling  ^wL  u  effected  by  the 

converter.  This  inductance  i*  Dormally  included  in  the  trsrsformer  but  in  sdctu 
may  be  partly  in  a  transfinmer  anil  partly  in  a  Kpamte  reactsnce.  It  19  ncKsihic 
duce  by  this  means  a  sliKtit  increaso  in  the  dirpct  current  voltage  provide'  ■ 
drop  in  the  altemaling  current  line  bu  nut  exccvive.  Usually  it  is  bo  urTHiuin 
compounding  that  canTie  obuuned  Ii  iu*t  suHicicnt  (o  overcome  the  altemiSin 
line  voltflKe  drop.  Tho  standard  Westinithnme  inith<-J  of  startinc  is  aliemmti.. 
seK.sIarting,  With  this  method  of  6elf-5lartina.lhe>rushc»ofBconmiut«ting  p. 
ira  in  6k.  a.nrHl.  is  provided  which°2ci: 


sr".!i 


Ltb  dirccV  current  or 
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Ques.    Upon  what  does  the  ratio  of  conTeralon  depend? 

Ans.    Upon  the  number  of  phases  and  method  of  connecting 
the  windings. 

For  single  phase  nr  two  phase  machines  it  is  1  to  .7;  for  three  phase, 
1  to  .612.  or  six  phase.  1  to  .7  or  1  to  .613  depending  upon  the  kind 
of  connection  used  for  tiie  transformer. 

For  example,  a  two  phase  rotaty  receiving  altematiog  current  at  426 
volts  will  deliver  direct  current  at  600  volts,  while  a  three  phase  rotaty 
receiving  alternating  current  at  367  volts  will  deliver  direct  current  at 
600  volts. 


Ques.    What  difficulty -would  be  encountered  If  other 
ratios  of  conversion  than  those  given  above  were  required? 

Ans.     An  armature  with  a  single  winding  could  not  be  used. 


Ques.    What  change  in  voltage  is  necessary  between  a 
converter  and  the  alternator  which  furnishes  the  current? 

Ans.    The  voltage  must  be  reduced  to  the  proper  valiie.  "a-i  ■*- 
step  down  transformer- 
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ilation. — As  the  ratio  of  the  alternating  tsCf 

'oltage  of  a  converter  is   practicalJy  ojnKan 

provided  to  compensate  for  voltage  vara:;:: 

s  of  load  in  order  to  maintain  the  direct  cnne 

ant. 

iev  :ral  methods  of  doing  this,  as  by : 


S^on^The^firims'^T 


1.  Shifting  the  brushes  (objectionable) 

2.  Split  pole  method; 

3.  Regulating  pole  method; 

4.  Reactance  method; 

5.  "Multi-tap"  transformer  method. 
Synchronous  te'gula.tot . 
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Shiftily  the  Brushes.— Were 

it  not  for  the  difficulties  encount-  - 
ered,  this  would  be  a  most  con- 
venient method  of  volt^e 
regulation,  since  by  this  proced- 
ure the  diiect  current  voltage 
may  be  varied  from  maximum 
to  zero.  It  is,  however,  not 
practical  because  of  the  excessive 
sparking  produced  when  the 
brushes  are  shifted  out  of  the 
neutral  plane. 

Split  Pole  Method.— In  order 

to  overcome  the  difficulty  en- 
countered in  shifting  the  brushes 
the  split  pole  method  was  devised 
by  Woodbridge  in  which  each 
field  pole  is  split  into  two  or 
three  parts. 

The  effect  of  this  is  the  same 
as  shifting  the  brushes  except  that 
no  sparking  results. 

The  other  part  is  arranged  so 
that  ts  cxLilatiun  may  be  varied, 
thus  shifling  tlie  resultant  plane 
of  the  field  with  respect  to  the 
direct  current  brushes. 

One  of  these  parts  is  perma- 
nently excited  and  it  produces 
near  its  edge  the  fringe  of  field 
necessary  for  sparkless  conunuta- 
tion. 
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Regulating  Pole  Method. — As  applied  to  the  rotai 
.  verter  regulating  poles  fulfill  the  same  functions  as  comic 
or  interpoles  (see  page  385)  on  motors  and  d^-namos,  1 
they  insure  sparkless  commutation  from  no  load  to  heav; 
loads  with  a  fixed  brush  position. 
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The  regulating  poles  are  used  in  order  to  vary  the  ratio  be- 
tween the  alternating  current  collector  rings  and  the  direct 
current  side  without  the  use  of  auxiliary  apparatus  such  as 
induction  regulators  or  dial  switches  which  involve  complicated 
connections  and  many  additional  wires.  The  regulating  poles 
are  arranged  with  suitable  connection  so  that  the  current  through 
them  can  be  raised,  lowered  or  reversed. 


Pic,  2.0&9. — Detail  of  Wetinghouse  coromuutins  pols  rotuy  eoRTcrtcr  hnA.  ibawiiia  nek. 
The  brush  lidinK  mcehiinTsin  and  its  operation  a  uplwncd  in  fig.  2,060. 


The  characteristics  of  the  regulating  pole  converter  being 
no\'el,  a  detailed  explanation  of  the  principles  involved  is  given 
to  facilitate  a  clear  understanding  of  its  operation. 

Consider  a  machine  with  a  field  structure  as  shown  in  fig.  2,0S6  re- 
sembling in  appearance  a  machine  with  commutatin^  poles,  but  with 
the  brushts  so  set  that  one  of  the  regulating  poles  adds  ita  fliut  to  that  of 

of  that  of  the  main  pole. 

To  oblain  definite  figures,  it  will  be  assumed  that  the  madiine  at 
normal  speed,  with  the  main  poles  excited  to  normal  density,  but  with 
no  excitation  on  the  regulating  poles,  gives  250  volts  direct  cunssS. 
pressure.    Then  with  each  resulatin^p^  «i!^i«&V>'i^A«s>i™i^is'='^^>^ 
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at  the  main  poles,  and  with  a  polarity  oomoxmding  to  that  of  the 
main  pole  in  the  same  section  between  brushes,  tte  direct  current 
pressure  will  rise  to  800  volts  at  the  same  K)eed,  since  tiie  total  flux 
cutting  the  inductors  in  one  direction  between  brushes  has  been  increased 
20  per  cent. 

If,  on  the  other  hand,  the  excitation  of  the  imilatizig  poles  be  levei'sed 
and  increased  to  the  same  density  as  that  of  uie  main  poles,  the  dnect 
current  pressure  will  fall  to  200  volts,  since  in  this  case  tiie  regulatias 
poles  give  a  reverse  pressure,  that  is,  a  pressure  opposing  tiiat  generated 
by  the  main  poles. 

Now»  if  the  machine  be  equipped  with  collector  rings,  that  is,  if  it 


PzG.  2.066. — Diagram  of  field  of  regulating  pole  converter  illustrating  principles 
the  accompanying  text. 


be  a  converter,  this  method  of  varjring  the  direct  current  voltage  from 
200  to  300  volts  does  not  give  nearly  as  great  a  variation  of  the  alter- 
nating current  voltage;  in  fact,  the  latter  voltage  will  be  the  same  when 
delivering  200  volts  as  when  delivering  300  volts  direct  current  pressure, 
if  the  field  excitation  be  the  same. 

This  may  be  seen  by  reference  to  fig.  2,057,  which  is  a  diagram  of  the 
alternating  current  voltage  developed  in  the  armature  windmgs  by  the 
two  sets  (3  poles. 

The  horizontal  line  OA  represents  the  alternating  current  voltage 


NOTE. — In  the  Bumham  split  pole  rotanr  converter,  each  pole  is  divided  into  only  two 

•actions,  one  larger  than  the  other.    A  main  shunt  winding  is  arranged  on  the  large  Mctioiii* 

mad  M  wtDding  for  providing  the  voltage  reiplation  is  placed  on  the  other  Mction.    When  the 

eumat  U  went  through  this  lattar  inndana  ^  ^"^  ^k«c^k(DL^2bA  ^^raltacs  is  niaed,  whan  ia  tha 

dlre^ioo  the  voltage  it  lowtNd. 
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generated  by  the  main  poles,  alone,  with  the  regulating  poles  unexdted, 
that  is,  when  delivering  250  volts  direct  current  pressure. 

For  a  six  phase  converter  OA  measures  about  180  volts  diametrically, 
diat  is,  between 'electrically  opposite  collector  rings. 

If  now  the  regulating  poles  be  excited  to  full  strength,  to  bring  the 
direct  current  pressure  up  to  300  volts,  the  alternating  current  vdtage 
generated  by  tne  regulatmg  poles  will  be  90  d^rees  out  of  phase  with 
that  generated  by  the  main  x>oles  (since  they  are  placed  midway  between 
the  main  poles),  and  will  be  about  40  volts  as  shown  by  the- line  AB. 

The  resultant  alternating  current  volts  across  the  collector  rings  will 
be  represented  by  the  line  OB  with  a  value  equal  to  184. 

Again,  if  the  regulating  poles  be  reversed  at  full  strength,  to  cut  the 
direct  current  pressure  down  to  200  volts,  the  alternating  current  voltage 


E^iG.  2,057. — ^Voltage  diagram  for  regulating  pole  converter  illustrating  x»rinciple8  explained 
in  the  accompanying  text. 

of  the  main  and  regulating  poles  will  be  OA  and  AC  respectively,  giving 
the  resultant  OC  equal  to  OB  with  a  value  of  184  volts.  Accordingly, 
the  direct  current  pressure  may  be  either  200  or  300  volts  with  the  same 
alternating  current  pressure,  and  if  the  main  field  be  kept  constant, 
the  direct  current  pressure  may  range  between  200  or  300  volts,  while 
the  alternating  current  pressure  varies  only  between  180  and  184  volts. 

The  alternating  current  pressure  can  be  kept  constant  throiigh  the 
full  range  of  direct  current  voltage  by  changing  the  main  field  so  as 
always  to  give  an  equal  and  opposite  flux  change  to  that  of  the  regu- 
lating field.  A  constant  total  flux  ma^r  thtis  be  obtained  equal  to  tiie 
radius  of  the  arc  BC,  fig.  2,057.  In  this  case  the  line  OA,  representing 
the  main  field  strength,  will  eaual  OB  when  the  regulating  field  is  not 
excited,  and  250  volts  can  only  be  obtained  at  this  adjustment. 

This  method  of  operation  gives  unity  power  factor  with  a  constant 
impressed  pressure  oi  184  volts  alternating  current  with  a  taas^ji^l^aswgs* 
current  voltage  from  200  to  300  vo\U. 


1.478 


HAWKINS  ELECTRICITY 


^^^'^ 


Pigs.  2,058  and  2,059. — Diagram<»  illustrating  the  eflect  on  the  alternating  ctirrent  voltage 
due  to  varying  the  rcRulatinf?  field  strength  (of  a  machine  proportioned  according  to 
fig.  2,060),  from  a  density  eq^ual  to  that  in  the  main  poles  to  the^  same  density  reversed^ 
the  main  field  strength  rcmaming  constant.  The  U.  C.  voltage  in  this  case  varies  from 
30  per  cent,  above  that  produced  by  the  main  field  alone  to  30  per  cent,  below,  or  from 
326  to  175  volts,  while  the  A.  C.  voltage  varies  only  from  200  to  175  volts.  To  k«p 
the  A.  C.  voltage  constant  with  such  a  machine  the  mairi  field  must  be  strengthened  as 
the  regulating  field  is  weakened  or  reversed  to  reduce  the  D.  C  voltage.  This  strengthening 
increases  the  core  loss  particularly  on  low  direct  current  voltages,  which  however,  are  rarely 
required,  hence  a  machine  proportioned  as  in  fig.  2,060,  would  not  be  operated  through 
so  wide  a  range  as  175  to  325  volts.  Assume  that  the  range  is  240  to  300  volts,  and  that 
at  the  highest  voltage,  both  main  and  regulating  fields  have  the  same  density,  presenting  to 
the  armature  practically  one  continuous  pole  face  of  uniform  flux  intensity.  The  dia- 
gram of  A.  C.  component  voltages  to  give  constant  A.  C.  resultant  voltage  across  the 
rings  for  the  case,  is  shown  in  fig.  2.059.  At  300  volts  D.  C,  the  main  fielcTproduces  an 
A.  C.  voltage  OA,  and  the  regulating  field,  a  voltage  AB,  with  a  resultant  OB,  equal  to 
about  200  volts  A.  C.  At  270  volts  D.  C,  the  main  field  produces  an  A.  C.  voltage  OA, 
and  a  regulating  field  voltage  AB,  giving  a  resultant  A.  C.  voltage  OB,  equal  to  200  volts. 
Similarly,  at  240  volts  D.  C,  the  main  field  produces  an  A.  C.  voltage  OA,  and  the  regu- 
lating field  (now  reversed)  produces  the  reverse  voltage  AB,  giving  the  resultant  OB 
again  equal  to  2(X)  volts.  It  will  be  noted  that,  theoretically  the  main  field  strength 
must  be  increased  about  15  pet  cent,  abovt  tti  value  at  300  volts  D.  C.  in  order  to  " 
the  D,  C.  voitage  at  250  voita. 
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Ques.  Where  should  the  regulating  poles  be  located 
for  best  results  ? 

Ans.  A  better  construction  is  obtained  by  placing  them 
closer  to  the  corresponding  main  pole,  as  in  fig.  2,060,  than  when 
spaced  midway  between  the  main  poles  as  in  fig.  2,056. 

Ques.  When  the  regulating  poles  are  spaced  as  in  fig. 
2,060,  what  is  the  effect  on  the  direct  current  voltage? 

Ans.  The  effect  is  the  same  as  for  the  midway  position 
(fig.  2,056)  except  for  magnetic  leakage  from  the  main  poles  to 


Fig.  2.060. — DiajBrram  illustrating  placement  of  regulating  poles.  In  practice  machines  are 
r\o%  built  as  indicated  diagrammatically  in  fig.  2.050t  that  is.  with  regulating  poles  spaced 
midway  between  the  main  poles,  because  a  better  construction  is  obtained  by  placing  the 
regulating  pole  closer  to  the  corresponding  main  pole,  as  shown  above. 


the  regulating  poles  when  the  latter  is  opposed  to  the  former, 
that  is,  when  the  direct  current  voltage  is  being  depressed. 

Ques.    What  is  the  effect  on  the  alternating  current 
voltage? 

Ans.     It  is  somewhat  altered  as  explained  in  figs.  2,058  and 
2,059. 
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Raactauce  Method. — This  consists  in  tnserti 
in  the  supply  circuit  and  running  the  load  cum 
few  turns  around  the  field  cores.  This  xnetfaod 
called  compoundifig,  and  as  it  is  automatic  it  if  | 
where  there  is  a  rapidly  fluctuating  load. 


I£  a  lagging  current  be  passed  through  an  in< 
collector  ring  voltage  will  be  lowered,  but  will  be 
<rf  a  leading  current.  The  degree  o£  excitation 
change  in  the  phase  o£  the  current  to  the  convert* 
tion.  la  turn,  being  regulated  hy  the  load  c 
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ries  inductance,  the  effect  of  the  series  coils  on  the  field 
;onverter  is  quite  similar  to  that  of  the  compottndii^  of 
inary  railway  dynamo, 

i-tap  Transformer  Method.— The  employment  of  a 
!  ratio  step  down  transformer  for  voltage  regulation  is  a 
omatic  method  of  control  and,  accordingly,  is  not  de- 
except  in  cases  where  the  load  is  fairly  constant  over 
■able  periods  of  time.    It  requires  nr>  special  explanation. 


itural  potitioa  sod  *Uain  tb* 


hronous  Booster  Method. — This  consists  of  comlumng 
e  converter  a  revolving  armature  alternator  having  tha 
miber  of  poles.       , 
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Ques.    How  is  the  winding  of  the  booster  alternator 
armature  connected  ? 

Ans.     It  is  connected  in  series  with  the  input  circuits  on  the 
converter. 


Ques.    How  are  the  field  windings  connected? 

Ans.  They  are  either  fed  with  current  regulated  by  means 
of  a  motor  operated  field  circuit  rheostat,  or  joined  in  series  with 
the  commutator  leads  oi  Oae  TOTwesSsx. 


B.  tiJOM. — Armature  of  WestinghouM  fynchronoiu  booster  converter.  Heavy  cast  yokes 
roriD  tho  fnnve.  They  are  proinrtioned  to  HeidEy  support  the  laminated  Hteel  Aeld  poLea, 
The  pales  are  [astencd  to  the  frame  with  throuRh  bolts.  A  lifting  hoolc  is  provided  on  all 
frameSp  The  bed  plates  aie  in  one  piece  for  the  smaller  machines  but  two  piece  bed  plates 
m»  lued  for  the  larBcr  ones.    The  bearings  are  ting  (Hling  and  bava  babbitt  wearing  aoi- 


.  2.0AK, — Westinghoose  field  frames  and  bearings  for  synchronotu  booster  rotary  converter. 
The  frames  connst  of  haavy  cast  yokes.  The  poles  are  fastened  to  the  fraiiu*,ii'.1^'>!iacnd& 
bi^ts.    Tbe  bed  ptat«  ia  jj^  one  fiece  for  the  tmall  macitasa*  *&!Vi:&  ^^ii^  ^tn*.\«'«i*k 
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Ques.    For  what  service  Is  the  synchxonous  booster 
method  desirable? 

Ans.     For  any  application  where  a  relatively  wide  variation 
in  direct  ciirrent  voltage  is  necessary. 

It  is  particularly  desirable  for  serving  incandescent  Kghtin^  Bystcmi 
where  considerable  voltag:e  variatioa  is  required  for  the  oompeosadcm 
t£  drop  in  lone  feeders,  for  operation  in  parallel  with  Btarage  batteries 
and  for  electrolytic  work  where  extreme  variations  in  voltage  are  requind 
l^  dianges  in  the  resistance  of  the  electrolytic  cells. 


Motor  Generator  Sets. — The  ordinary  rotary  converter  is 

the  most  economical  machine  for  converting  alternating  ctirrents 
into  direct  currents,  and  where  slight  variations  in  the  direct 
current  voltage  is  necessary,  ttw^j  m*  -mostlY  used  on  account 
ei  their  high.  eflSdwicy,  an4\iecaM»\:QS5^  or  wm^M*- 
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P         In  many 
§     central  sta- 
1      tions    where 
they  supply  a 
great  variety 
I      of  apparatus, 
I      the  motor 
generator  sets 
.•*'■    >      are  employed 
as  the  gener- 
ator is  inde- 
pendent of 
the  altemat- 
5     ing  current 
^      line  voltage 
I     and  any  de< 
S     gree  of  volt- 
I     age  regulation 
can  be  per- 
formed. 

I        Motor 

A     Generator 
J:|  Gomblna- 

%t  tioiM.— The 
i     following 
oombinatloDs 
:  motor  generators  are  made  and  used  to  suit  local  conditicms: 

Synchronous  motor dynamo 

Induction  motor dynamo 

Direct  current  motor dynamo 

Direct  current  motor alternator 

Synchronoua  motor alternator 

Inductka  motor 
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Standard    practice    has    adopted    high    tension    alternating  J 
current  for  transmission  systems,  but  direct  current  distribution  I 
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is  very  frequently  used.  This  is  particularly  true  where  alter- 
nating current  apparatus  has  been  introduced  in  old  direct 
current  lighting  systems. 

The  synchronous  motor  or  the  induction  motor  connected  to 
d  generator  stands  next  in  importance  to  the  rotary  converter 
because  it  is  easy  to  operate  and  the  pressure  may  be  changed 
by  a  rheostat  placed  in  the  field  circuit  of  the  generator. 

The  line  wires  carrying  full  voltage  can  usually  be  connected 
direct  to  the  motor  and  thus  do  away  with  the  necessary  step- 
down  transformer  required  by  the  rotary. 

Ques.  What  is  the  behavior  of  a  rotary  converter  when 
hunting? 

Ans.  It  is  liable  to  flash  over  at  the  direct  current  brushes, 
which  is  common  in  high  frequency  converters  where  there  are 
a  great  number  of  poles  and  the  brushes  are  necessarily  spaced 
dose  together  around  the  commutator. 

Ques.  Is  this  fault  so  pronounced  with  motor  gener- 
ator sets? 

Ans.  The  motor  generator  operating  on  a  high  frequency 
circuit,  the  generator  can  be  designed  with  a  few  poles  and  the 
brushes  set  far  apart  which  will  greatly  reduce  the  chance  of 
flashing  over. 

A  synchronous  motor  will  drive  a  generator  at  a  constant  speed 
during  changes  in  load  on  it,  and  by  having  a  field  regulating  resistance 
it  can  be  used  to  improve  the  powier  factor  of  the  system. 

When  an  induction  motor  is  used  its  speed  drops  off  slowly  as  the 
load  comes  on  the  generator,  and  it  is  necessary  to  regulate  the  voltage 
of  the  generator  by  means  of  a  field  rheostat,  or  compound  woimd 
machines  may  be  used. 

While  an  induction  motor  requires  no  separate  excitation  of  the 
field  magnets  like  the  sjmchronous  motor,  its  effect  oci  tha  -^"^^t  \aii«t 
of  the  system  is  undesirable* 
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Although  it  is  seldom  necessary  to  canvert  direct  current  to  alter- 
nating, such  sn  arrangement  of  a  direct  current  motor  driving  an 
alternator  is  often  justified  in  place  of  an  inverted  rotary  converter, 
as  in  this  case  the  alternating  current  voltage  can  be  changed  inde- 
pendent of  the  direct  current  voltage. 

The  radng  of  an  inverted  rotary  under  a  heavy  inductive  load  or 
short  circuit  does  not  take  place  in  motor  generator  set  mentioned  above. 


Frequency  Changing  Sets. — A  frequency  of  25  cycles  is 
generally  used  on  railway  work  and  in  large  cities  using  the 
Edison  three  wire  system,  andas  a  25  cycle  current  is  not  desirable 
for  electric  lighting  it  is  necessary  to  change  it  to  60  cydes  by 
means  of  a  frequency  changer  shown  in  fig.  2,069  for  distiibution 
in  the  outlying  districts. 
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The  two  machines  in  this  combination  are  of  the  same  con- 
struction, only  the  synchronotis  motor  would  have  eight  poles 
and  have  the  25  cycle  current  passing  through  it,  while  the 
generator  would  have  20  poles  and  produce  62>^  cycles  per 
second  at  300  revolutions  per  minute.  By  supplying  the  motor 
with  24  cycles,  the  generator  would  produce  60  cycles. 
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It  will  be  seen  from  the  figure  that  the  separate  exciter  is 
fastened  on  the  base  plate  and  has  its  armature  directly  con- 
nected to  the  shaft. 

Parallel  Operation  of  Frequency  Changers. — It  is  very 
difficult  to  construct  two  or  more  frequencY  clxa.-MyKri  «ixA.\s«s. 
tbem  to  synchronous  motors  so  tii^t  ttift  oarEdA,  ■«*«*  ^  '=«^*' 
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macliine  will  be  in  phase  with  the  other,  since  the  speed  o£  the 
motor  will  depend  on  the  frequency  of  the  line  and  be  independent 
of  the  load  thrown  on  it. 

When  eiltemators  are  run  in  parallel,  if  one  machine  1^ 
behind,  the  other  carries  the  load  with  the  result  that  the  lightly 
loaded  machine  will  speed  up  and  get  in  step  with  the  other,  or 


in  other  words  a  synchronizing  current  will  flow  between  the 
two  alternators  and  tend  to  keep  them  in  proper  relation  with 
respect  to  phase  and  load. 

Cascade  ConTCrter. — This  piece  of  apparatus  was  intro- 
duced by  Arnold  and  La  Cour,  Briefly,  it  consists  of  a  com- 
biaation  ot  an  inductioa  laotot  \ia.\'-av£  ^  -wcwsA-a 
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a  dynamo,  the  armatures  being  placed  on  the  same  shaft.  The 
windings  are  joined  ia  cascade,  that  is,  in  series  with  those  o£ 
the  armature  of  the  induction  motor.  The  line  supplies  three 
phase  currents  at  high  voltage  direct  to  the  field  of  the  induction 


Pig.  2/172.— General  Ekclric  shunt  wound  boower  set. 

for  only  a  ihort  time  each  day  n  *'\\\  generally  t 
than  to  invest  in  additional  feeder  copper.    It  ts 


livei  the  same  volume  williout  the  use  ol  >  boottcr. 

motor  and  drives  it,  generating  ir  it  currents  at  a  lower  voltage 
depending  on  the  ratio  of  the  windings. 

Part  of  the  current  thus  generated  in   the  armature  passes 
into  the  armature  of  the  dyoarao  Baft.  Sa   tcm-wT^ei  \s^   "vSise. 


commutator  into  direct  current  as  in  a  rotai 
also  increased  by  the  current  induced  in  f 
dynamo  armature. 
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Thus  if  the  motor 
have  six  poles  and 
the  frequency  be  60, 
the  rotary  field  re- 
volves at  60  X  60 
-^3-l,0OOR.P.M., 
and  the  motor  will 
revolve  at  one-half 
that  speed  or  1,000 
+  2-600  R.P.M. 

Since    the    con- 


ranged  that  these 
currents  tend  to 
set  up  in  the  arma- 

field.  rotating  at 
half  speed  iiia  sense 
opposite  to  that  in 
which  the  sliaft  is 
rotating  at  half 
^>eed,  it  follows 
uiat  by  the  super- 
position of  this  re- 
volving field  upon 
the  revolutions  of 
the  machine,  the 
magnetic  effect  i» 
equivalent  to  a  ro- 
tation of  the  anna- 
ture  at  whole  speed 
BO  that  it  operate* 
in  synchronism,  as 
does  the  annature 
of  a  rotary    con- 


Half  the  electric 

input  into  the  mo- 
tor part  is,  there- 

mechanital  enemr 
to  drive  the  shaft, 
the  other  half 
acts  inductivelj^  on 


mg,  generating  cur> 
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As  to  the  dynamo  part  it  is  half  generator,  receiving  mechanical 
power  by  transmission  along  the  shaft  to  furnish  half  its  output,  and  it 
IS  half  converter,  turning  the  currents  received  from  the  armature  into 
direct  current  delivered  at  the  brushes. 

Ques.  What  action  takes  place  In  the  motor  armature 
winding? 

Ans.  Since  it  runs  at  one-half  synchronous  speed,  it  generates 
alternating  current  of  half  the  supply  current  frequency,  de- 
livering these  to  the  armature  of  the  dynamo. 

Ques.    What  claim  Is  made  for  this  type  of  apparatus? 

Ans.  The  cost  is  said  to  be  less  than  a  motor  generator  set, 
and  it  is  claimed  to  be  self-synchronizing  and  to  require  no 
special  starting  gear,  also  to  be  2.5  per  cent,  more  efficient  than 
a  motor  generator. 

Ques.  How  is  the  machine  started  from  the  high 
pressure  side  ? 

Ans.  The  field  winding  is  connected  directly  to  the  high 
pressure  leads.  The  three  slip  ring  brushes  are  connected  with 
external  resistances  which  are  used  while  starting,  the  external 
resistances  being  gradually  cut  out  of  the  circuit  as  the  machine 
comes  up  to  speed  (the  same  as  with  an  ordinary  slip  ring  motor).  • 

Ques.  How  does  a  cascade  converter  compare  with  a 
synchronous  converter? 

Ans.  It  is  about  equally  expensive  as  the  synchronous 
converter  with  its  necessary  bank  of  transformers,  but  is  about 
one  per  cent,  less  efficient.  It  is  claimed  to  be  more  desirable 
for  frequencies  above  40  on  account  of  the  improved  commu- 
tation at  the  low  frequency  used  in  the  dynamo  member.  For 
lower  frequencies  the  synchronous  converter  is  preferable. 
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CHAPTER   LIV 

RECTIFIERS 

The  purpose  of  a  rectifier  is  to  change  alternating  ciurent 
into  a  uni-directional  or  pulsating  current.  There  are  several 
classes  of  apparatus  to  which  the  term  rectifier  may  be 
applied,  as 

1.  Mechanical  rectifiers; 

2.  Electrolytic  rectifiers; 

3.  Mercury  vapor  rectifiers,  or,  mercury  arc  rectifiers; 

4.  Electro-magnetic  rectifiers. 

Mechanical  Rectifiers. — By  definition,  a  mechanical  rectifier 
is  a  form  of  commutator  operating  in  synchronism  with  the 
generator  and  commutating  or  rectifying  the  negative  waves 
of  the  alternating  current  as  shown  graphically  in  figis.  2,076  and 
2,078.  The  essential  features  of  construction  are  shown,  in  fig. 
2,079. 

Ques.  Mention  some  application  of  a  mechanical 
rectifier. 

Ans.  It  is  used  on  a  compositely  excited" teiltemator  as  il- 
lustrated on  page  1,192. 

Electrolytic  Rectifiers. — If  two  metals  be  placed  in  an  elec- 
trolyte and  then  subjected  to  a  definite  difference  of  "pressure, 
fJte;y  mil  (under  certain  conditions^  oger  ^teoA^t  ie^\^\».xv^^  v>  ^^fv* 
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passagt  of  a  current  in  one  direction,  than  in  the  other  direction. 
On  account  of  this  so  called  valve  effect,  electrolytic  rectifiers 
are  sometimes  called  "valves." 

Ques.    What  metal  is  generally  used  for  the  cathode? 

Ans.    Aluminum. 


p&itiol  And  completa  recti- 


Ques.    What  is  generally  used  for  the  other  electrode? 

Ans.     Lead  or  polished  steel. 


Ques.    Describe  the  "Nodon  valve." 

Ans,      Tbe  cathode  is  of  nAMTP'^^Trv  tw  a.\\\Tt\\T\wm  a.Uoy,  and  tha 
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other  electrode,  which  has  considerahly  more  surface,  is  the 
containing  vessel.  The  electrolyte  is  a  neutral  solution  of 
ammonia  phosphate. 

Ques.    Describe  Its  action. 

Ans.  It  is  due  to  the  formation  of  a  film  of  normal  hydroxide 
of  aluminum,  over  the  surface  of  the  aluminum  electrode.     This 
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l>  CDnnected  toiether.  the 

.nv  teeth  ai  there  aie  pole*. 


film  presents  a  very  high  resistance  to  the  current  when  flowing 
in  one  direction  but  very  little  resistance,  when  flowing  in  the 
reverse  direction. 

Ques.  What  is  the  effect  when  a  Nodon  cell  Is  supplied 
with  alternating  current? 

Ans.  Half  of  the  wave  will  be  suppressed  and  an  inter- 
mittently pulsating  current  will  lesaVt  aa  ^cnm.Ssi.SiJt.'l.^srk, , 
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ELEVATION 
Pigs.  a.OSO  and  2.081.  —Two  viiws  of  Nodon  valve.    Thii  li  an  eitceroryiic  iwtifier    . 

ttas  catbode  is  a  rod  of  aluminum  aUoy  held  centrally  in  a  leaden  vessel  which  fomu  the 
anode  and  contains  the  electrolyte,  a  concentrated  solution  of  ammonium  phisi^tc. 

smaller  in  diameter,  being  protected  from  action  by  an  enclosina  Blau  sleeve.  Ths  conent 
denuty  at  the  cathode  ranges  from  S  to  10  amp.  per  «n.  dm.  In  the  larger  liiei.thottfl 
SIC  mwle  double,  wid  a  current  of  air  is  kept  ciiculatjng  beCiveen  the  walls  by  means  «l 
■  motor  driven  fan.     In  ordir  to  uiiliicboth  h^i-ejoftlic  supply  wave,  the  Grali  method 


Igraph  record 


cuiteut  M  ttM  Xmiuita^  <A  tos^  v-ni»«. 


RECTIFIERS 


1.490 


Ques.    How  may  both  halves  of  the  altemathift  waves 
be  utilized  ? 

Ans.     By  coupling  a  series  of  cells  in  opposed  pairs  as  in  fig. 
2,080. 
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Pio.  2.083.— PnfoiT 


Ques.    Upon  what  does  the  efficiency  of  the  film  depend  ? 

Ans.     Upon  the  temperature. 

It  should  not  for  maximum  efficiency  exceed  86  degrees  Fahr.  There 
is  also  a  cerlain  critical  voltage  above  which  the  film  brcaVs  down 
locally,  giving  rise  to  a  luminous  avid  sati^VtsM.  ^EX-^WNe  ^ej"^ 
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Fnc.  3.004. — ^Mohkwk  elsctrolytic  recUller  and  twitchboud;  duirmm  il 

for  churginB  nonge  battciy.    Opcntint  Itulnictlafui  Af*~ 

fi^.  2.I1B5,  iTiE  fllm  mint  b«  (ormed  on  tha  aJamiaDm  ailov  d. .    

■nil  pw  cumnt  only  in  tha  riflbt  diicctinn.    Open  ■•litGh  B,  doaa  n 
ducharae  lever  can  be  in  luiy  pontion ;  chuvliig  raBulator  lers  man  tM  to 
ML  the  leropadtioni  now  doae  main  nritchU.     Horins  nfotatar  larct  H  t 
pMtianto  th«  fint  baVUn  at  eaaHw&.'UfiVb  nBl^-Ala»^»*.■Saw.w«.^aaft1k■ 
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Ques.    When  an  electrolytic  rectifier  Is  not  In  use  for 
jme  time  what  happens? 

"Alls,    The  electrodes  will  loose  the  film. 


urn  ■lloy  elBctrodes  tn  mDUDted  on  u. 

...  ...  „  ,.'"  rod.    This  rod  acRwi  in  tha  bola 

1  we  co»Gr.    The  elertrodes  give  the  best  remits  onl)'  whai  parfectty 
'7  set  rough,  covered  with  ■  deposit  or  m  vhiM  coatiDg  ramoTB  fmn 

z.^  i__  .._j Finish  with  fing  umd  puper.    Form  tb* 

1  new.     Clean  icon  electroda  ocxutonaUr. 


...       -:       —..----.-. ;  -    -- -.-..—       .   -■  --^"o^-i^jn- 

_..  .  .       ^.. .,  -  - --  -Mrrent  through  the 

/e  chunng  lever  R  to  the  right  slowly  until  ammeter  indioitet  the  correct  chug- 

.   After  the  batteriesarechargHlind  ready  for  tise.  diachmr^  lever  can  be  moved 

oanect  either  set  of  atoiage  batteriea  to  the  lo«d  termiiwt.    The  voltasa  of  the  batlerie* 
be  read  at  any  tune,  by  pnaaiDSthettTBpkey.    The  diachaife  lever  connects  the  bat- 

a  to  the  volt  meter  uid  it  iiDoenbla  by  movina  it  to  meMura  the  <roltace  of  eitbernt 

of  battery,  chargbis  or  dbchHsms.  Trouble  in  the  rectilSer  deaxmstrates  itaelf  by  the 
nlntioa  becoming  beated.  The  condition  of  the  rectiSer  can  be  tested  any  time  in  a  few 
•acood*  by  opening  switch  B  and  chslng  switch  T  to  the  right.  If  the  rectifier  be  in 
proper  cooditioa  the  aauneter  win  read  lero.  Andif  itbenotrectityintandpennitting  A.C. 
eomnt  toHowthrm^  the  rectifier,  the  smmeter  will  read  negstive  or  to  the  left  of  the  aero. 
An  oU  iotetkia  thkt  1*  beatinc  and  notnctifyms  properly  will  tun,  ^niWids.'os'en,^^**- 
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Ques.    What  must  be  done  in  such  case? 

Ans.    The  electrodes  must  be  reformed. 
Ques.    How  is  the  loss  of  film  prev^ited? 

Ans.     By  removing  the  electrodes  from  the  electrolyte  and 
drying  them. 


Plo.  a.Oer,— The  Plemmg 


Ques.    What  attention  must  be  given  to  the  electrolyte? 

Ans.     Water  must  be  added  from  time  to  time  to  make  tip 
for  evaporation. 

This  is  necessary  to  Iceep  tb«  ed^utioa  «.\.  ^ii«  v<<»«c  deositY. 
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Ques.    What  is  the  hidlcatlon  that  the  rectifier  needs 
recharging? 

Ans.     Excessive  heating  of  the  solution  with  normal  load. 

Ques.    What  Is  the  indication  that  a  rectifier  is  passing 
alternating  current? 

Ans.     It  will  heat,  and  if  the  solution  be  very  weak,  it  will 
cause  a  buzzing  sound. 
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Pic.  2,068. — The  Churcher  valve.  This  is  of  the  modified  Nodon  type.  It  differs  from  the  latter 
in  that  it  has  two  cathodes  of  aluininum  and  an  anode  of  leaa  or  platinum,  suspended  in 
the  one  cell.  This  permits  the  complete  utilization  of  both  halves  of  the  supply  wave 
with  one  cell  instead  of  the  four  required  in  the  Gratz  method.  The  connections  of 
such  a  cell  are  shown  in  the  figure.  The  secondary  of  the  transformer  carries  a  central 
tapping,  and  is  connected  through  the  direct  current  load  to  the  central  anode,  while  each 
of  the  cathodes  is  connected  to  the  ordinary  terminals  of  the  transformer  itself.  The 
practical  limits  of  the  cell  are  60  volts  direct  current,  or  130  volts  at  the  transformer  ter- 
minals AB.     F,  is  the  anode ;  C,  cathode  I;  D.  cathode  II. 


Ques.    What  harm  is  caused  by  operating  a  rectifier 
with  a  wealc  electrolyte? 

Ans.     The  electrodes  will  eat  away. 

A  few  of  the  so  called  electrolytic  v«l>»«i  ttc»  \«t^\iTv^&ci  ^srrx^cr^*. 
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The  Audlon  Valve.— This  valve  was  invented  by  De  Pon 

and  is  practically  identical  with   the   Fleming    osdllalioD 
latter  being  illustrated  iii  fig.  2,087. 

Griuwn  Val«.— In  this  valve  the  cathode  is  a  sheet  of 
and  the  anode,  a  s^ieet  of  lead,  supported,  in  the  original  1 
Eonlally  in  a  vessel  containing  the  electrolyte,  consisting  of 
[if  sodium  cwbtraata.  Cooling  is  effected  by  circulating  wat 
metal  tubes  in  the  electrolyte  itself. 


-cted  by  pi 


vol  a 


UigeT  cylinder 

n  phmphatfl  in  vl  ebonite  contA. 
cirailatian  of  Ihe  electnilvle  by  p 
:  the  hcatel  ckctrolyte  thst  ri» 
rar,\eA  hv  ronUiet  wilh  the  villi 
It  is  clBUDed  that 


jsr? 


p.  [icr  eq.  im.  of  «] 


PawlowskI  Valve. — This  is  an  electrolytic  valve  employi 

electrolyte.  It  con^sts  of  a  copper  plate  which  has  been  coa' 
crystalline  layer  of  carefully  prepared  copper  hemisulphide,  pi 
melting  sulphur  and  cop[icr  together  out  of  contact  with  air, 
pared  pinle  is  placed  in  contact  with  an  akiminam  sheet  and 
biiutbn  is  then  /ornud  by  submitting  it  to  an  Blt«nuCia| 
until  sparking,  wluch  aX  fii^t,  cccui&,  a:aao&. 
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GUm  Electric  Valve. — This  conasts  of  a  combioatioii  of  sparic  g^>s 
and  capacity  used  to  protect  electrical  apparatus  B^inst  danujje  due  to 
atmospheric  discharges  and  resonance  surges.  The  spark  gaps  are 
formed  between  the  edges  of  sharp  rimmed  discs  of  non-arcing  metaL 
These  discs  are  insulated  from  each  other,  and  from  the  central  tube, 
which  provides  a  support  for  the  apparatus  and  also  an  eartli.  The 
condenser  effect  is  obtained  by  means  of  the  annular  discs  and  the  tube; 
n  adjustable  spark  gap,  a  high  resistance,  and  a  fttse  all  connected  ia 


series,  complete  the  v 


:,  3,001.— 76  light  WoUnshouK-Coo^ 


Buttner  Valve. — It  is  of  the  Nodon  type  employing  a  cathode  of 
magnesium-aluminum  alloy,  and  probably  iron  or  lead  as  anode,  with 
an  electrolyte  of  ammonium  borate.    Buttner  claims  that  the  borate  U. 
superior  to  the  phosphate  in  that  it  does  ivo^  o.\Xw5e.''a'OTi,«D&,-'*a.'^«»*^ 
in  good  workiag  condition  for  longer  ^ni:>&&. 


Fm.  2,092.-75  light  Westinghouse-Coopcr  Hewitt  m 

iMUlBliTig  transformer  with  case  n ••      ■^~  ■ 

oircooledand  oil  m:iulat«d.     It  is 

incraise  in  current  causes  the  primary  and  secondary  coils  io  separalc,  jnd  a  d«T««  S 
current  permits  them  Co  approach  each  other,  until  the  normal  balance  ia  restorvd.  Tbd 
moving  coils  are  hung  from  sheave  wheels  having  roller  bearings  and  are  balanced  ao  thai 
they  are  sensitive  to  the  slightest  impulse  tcndms  to  separate  them  or  draw  them  dorr 
tcsether,  _  (Sec  figs.  l,981-2.and  2.111.)    The  windings  are  insulated  for  a  voltage  no. 

care  of  different  voltages  and  wave  forms.  A  combination  of  lap?  will  be  found  wlbch 
will  be  suitable  for  any  wave  form  coming  within  the  American  Institute  of  ElecCnal 
Engineer's  limits  for  B  sine  wave.  The  scconc'.arj'  coils  are  also  provided  with  tups  (or 
S5  per  cent,  of  normal  load,  so  that  less  than  normal  load  can  be  taken  care  of  at  ■aocd 
power  factor.    Any  part  of  the  full  load  can  be  carried  temporarily  with  the  full  li^ 

ciency  will  bo  improved  by  using  the  85  per  cent,  connections.  Standard  ruulatiw 
Iranrfomiera  are  wound  for  0.0  and  4  amperes,  and  for  primary  circuits  of  220.  440,  I  100 
2,200.  O.GOO  and  13,2IW  volts.  Regulators  can  be  specially  wound  for  5,5  amperea.  Foe 
Ifiree  phase  circuits  thiee  regulaVni  tan  he  used,  one  on  each  ohi«e.  or  th—  ~-  •—  * — 
aiihedin  pairs  with  an  auMljaiYBatfrW»i«lomitT\n^vta'Q»\k-nMd',oad. 
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Mercury  Vapor  Rectifiers. — The  Cooper  Hewitt  mercuiy 
vapor  rectifier,  as  shown  in  fig.  2,093  consists,  essentially  of  a 
hermetically  sealed  glass  bulb  filled  wiln  mercury  vapor  and  pro- 
vided with  four  electrodes.  The  two  upper  electrodes  are  of  solid 
material  and  the  two  lower  of  mercury. 

The  solid  electrodes  are  the  positive  electrodes;  the  mercury 
electrodes  are  the  negative  electrodes. 

The  mercury  pools  of  the  two  lower  electrodes  are  not  in 
contact  when  the  bulb  is  vertical,  but  the  bulb  is  so  mounted 


-^MAA/W^ 
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Pm.  3.093. — Duigiam  of 


if  Wcstinghoose-Cooper  Hew 


that  it  can  be  tilted  to  bring  these  two  pools  temporarily  in 
contact  for  starting. 

The  bulb  contains  highly  attenuated  vapor  of  mercury,  which, 
like  other  metal  vapors,  is  an  electrical  conductor  under  some 
conditions.      The  positve  electiodsa  atfe  «ait<*ssA8&.Ny4  ■<>^*' 
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Fig.  2,094. — Cooper  Hewitt  mercury  vapor  rectifier.  The  mercury  vapor  rectifier  as  developed 
by  Peter  Cooper  Hew'tt  for  changing  alternating  current  into  direct  current  is  the  result 
oi  a  series  of  careful  experiments  and  investigations  of  the  action  going  on  in  his  mercury 
vapor  lamp  for  electric  li^jhting  used  on  direct  current  circuits  only.  While  many  attempts 
have  been  made  to  produce  an  alternating  current  lamp,  up  to  the  present  time,  they  have 
been  unsuccessful.  The  difficulty  of  operating  a  lamp  on  the  alternating  current  circuit 
lies  in  the  fact  that  while  a  current  w^ill  flow  freely  through  it  in  one  direction,  when  the 
current  reverses  the  negative  electrode  or  cathode  acts  as  an  electric  valve  and  stops  the 
current,  thus  breaking  the  circuit  and  putting  out  the  light.  By  following  up  this  new 
electrical  action,  Hewitt  applied  the  pnnciple  m  the  construction  of  a  vacuum  tube  with 
suitable  electrodes,  and  by  using  two  electrodes  of  iron  or  graphite  for  the  positive  or  in- 
coming current  and  one  of  mercury  for  the  negative  or  where  the  current  leaves  the  tube, 
the  circuits  could  be  arranged  so  that  a  direct  current  would  flow  from  the  merciiry  electrode 
and  be  used  for  charging  storage  batteries,  electro-chemical  work  or  operating  direct  cturent 
flame  arc  lamps.  As  shown  in  the  figure,  the  rectifier  consists  essentially  of  a  glass  hvJb 
into  which  are  sealed  two  iron  or  (graphite  anodes  and  one  mercury  cathode,  and  a  smaU  st4srtint 
electrode.  The  bulb  is  filled  with  mercury  vapor  under  low  pressure.  The  action  of  thii 
device  depends  on  the  property  of  ionized  mercury  vapor  of  conducting  electricity  in  one  direc- 
iion  only.  In  operation  no  current  w^ill  flow  until  the  starting  or  negative  electrode  reast* 
ance  has  been  overcome  by  the  ionization  of  the  vapor  in  its  neighborhood.  To  accomplish 
this,  the  voltage  is  raised  sufficiently  to  cause  the  current  to  jump  the  gap  between  the  xoet' 
cury  cathode  and  the  starting  cathode,  or  by  bringing  the  cathode  and  starting  electrode 
together  in  the  vapor  by  tilting  and  then  separating  them,  thus  drawing  out  the  arc.  When 
this  has  been  done,  current  will  only  flow  from  the  anode  to  the  merctiry  cathode,  and  not 
in  the  reverse  direction.  In  order  to  maintain  the  action,  a  lag  is  produced  in  each  half 
wave  by  the  use  of  a  reactive  or  sustaining  coil;  hence  the  current  never  reaches  its  mm 
value,  otherwise  the  arc  would  have  to  be  restarted.  There  are  two  kinds  of  loiie*  In  the 
tube:  1,  arcing,  or  leakage  from  one  anode  to  the  other,  and  2,  the  mercury  arc  voltage  drop. 
This  drop  does  not  depend  on  the  load,  the  energy  represented  by  the  drop  being  converted 
into  heat,  which  is  dissipated  at  the  surface  of  the  containing  vessel.  According  to  Stein- 
metz,  the  limit  of  voltage  must  be  very  high,  as  36,000  volts  has  been  rectified.  The  cmrent 
output  is  limited  principally  by  the  leading-in  wires  to  the  electrodes,  it  being  a  difficult 
problem  to  seal  into  the  glass  container  the  lar^  masses  of  metal  required  for  the  conductioii 
o/7aiTf?e  currents.  Frequency  has  but  little  vnfluencc.  The  direct  current  voltage  ranges 
from  20  to  50  per  cent,  that  ol  tYve  atc«\xwVf .  TV^Xx^^t  <A  ^^n^Sn^  ^^e^fnoda  somewBSt 
avoa  Its  stxe.  being  kiger  ia  the  «ma^  »»a  axAt«N«*'wv50DL^aa>aa»«^;^«»>2M«k^4»»^ 
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vapor.  Current  can  readily  pass  from  either  of  the  solid 
dectrodes  to  the  mercury  vapor  and  from  it  to  the  mercury 
dectrode,  but  when  the  direction  of  flow  tends  to  reverse,  so 
that  current  would  pass  from  the  vapor  to  the  solid  electrode, 
there  is  a  resistance  at  the  surface  of  the  electrode,  which  entirely 
prevents  the  flow  of  current. 


-Thnerfuu.  mercury  are  rf 

ctifier.     The  r«ct>fi«r  bulb  ii  provided  with  thin 

rom  OTifl  phosft  being  brought 

own  to  the  starting  snode,  a  resutanco  being  placed 

Tlw  apparatui  is  itaiud  iu  the  umud  w»f  Sy  tUtim. 

The  alternating  current  supply  circuit  is  connected  to  the  two 
positive  electrodes  as  shown  in  the  diagram,  and  as  the  electrodes 
will  allow  current  to  flow  in  only  one  direction  and  oppose  any 
current  flow  in  the  opposite  dirccticn,  the  pulsations  of  the 
current  pass  alternately  from  one  or  the  other  of  the  positive 
electrodes  into  the  mercury. 
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As  these  currents  cannot  pass  from  the  vapor  into  either 
positive  electrode,  they  are  constrained  to  pass  out  all  in  one 
direction  through  the  mercury  electrode,  from  which  they 
emerge  as  a  uni-directional  current.  The  positive  electrodes 
of  the  rectifier  thus  act  as  check  valves,  permitting  current  to 
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Figs.  2.096  to  2,098. — ^WestinKhouse  diagrams  showing  compaxative  effidendes  of  different 
systems  of  series  arc  lighting. 

pass  into  the  mercury  vapor  but  not  allowing  it  to  pass  from 
the  vapor  to  the  solid  electrodes. 

Ques.    What  condition  prevails  before  the  bulb  starts 
to*  rectify? 

Ans.     There  appears  to  be  a  Ysi^  x^^sXasskSfc  ^t  the  surface 
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of  the  mercury,  which  must  be  broken  down  so  that  the  cunent 
can  pass. 

Ques.    What  is  this  apparent  surface  resistance  called? 

Ans.     The  negative  electrode  resistance. 

Ques.    What  must  be  done  before  any  current  can  pass? 

Ans.     The  negative  electrode  resistance  must  be  overborne. 

When  oncx:  started  the  current  will  continue  to  flow,  meetiog  with 
practically  no  resistance  as  long  as  the  current  is  uninterrupted. 

Ques.  What  will  happen  if  the  current  be  Intanmpted 
even  for  the  smallest  instant  of  time? 

Ans.  The  ncj^alivc  electrode  resistance  will  re-establish 
itself,  and  stop  the  operation  of  the  bulb. 

Ques.  How  is  the  negative  electrode  resistance  over- 
come? 

Ans.  The  bull)  is  tilled  or  shaken  so  that  the  space  between 
the  inereurv  electrodes  is  bridijed  bv  the  nierc*iirv. 

Ques.     What  happens  when  the  bulb  is  tilted? 

Ans.  Current  then  ])asses  between  the  two  mercury  elec- 
trodes from  tlie  startinj^^  transfonner  and  the  little  stream  of 
mercniry  which  l.)rid^es  the  space  between  the  electrodes  breaks 
with  a  spark  as  the  bulb  is  returned  to  its  vertical  position. 

Ques.    What  duty  is  performed  by  the  spark? 

Ans.     It  breaks  down  the  negative  electrode  resistance. 

Ques.  What  conditions  are  now  necessary  for  con- 
tinuous operation  of  the  rectifier? 

Ans.     The  rectifier  will  now  operate  indefinitely  as.lonj^  as 
Die  mrrent  su])])ly  is  uninterrupted  and  the  direct  current  load 
(Iocs  not  fall  below  the  m\n\\Tv\x\A\Tcc>^\tv.A\vvt  \>cv^^\^. 
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Flc  3,101.— Gounil  Electric  GO  light  di 
outfil;  fnmC  view.     Tbi*  unit  cmui: 

pilot  tai^  m 


Ques.  Is  the  rectifier 
self -starting? 

Ans.  After  the  bulb  has 
been  started  a  few  times,  as 
described  above,  it  becomes 
self-starting,  so  that  tmder 
all  ordinary  operating  con- 
ditions it  will  commence 
to  operate  when  the 
switches  connecting  it  with 
the  load  and  the  alternat- 
ing current  supply  are 
closed. 

Ques.  What  provision 
is  made  In  the  Westing- 
house  •  Cooper  Hewitt 
rectifier  to  render  it 
self -starting? 

Ans.  It  is  rendered  sel£- 
starLing  by  means  of  a 
condenser. 

Ques.  Describe  the 
arrangement  and  oper- 
ation of  the  condenser. 

Ans.  The  condenser  is 
connected  between  one  of 
the  positive  electrodes  and 
a  coating  of  tinfoil  outside 
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he  part  of  the  bulb  containing  the  mercury,  and  induces  static 
parks  on  the  surface  of  the  mercury  which  break  down  the 
legative  electrode  resistance. 

The  action  of  the  rectifier  will  be  better  understdDd  by  reference  to 
the  diagram  of  current  waves  and  impressed  pressure  as  shown  in 
figs.  2,103  to  2,106. 
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Oues.    Describe  a  mercury  vapor  rectifier  outfit  for 
eries  arc  lighting. 

Ans.     It  counts  of  a  coa$taat  current  reEula.tin^tcaasi'i'caMEt, 
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a  rectifier  balb,  and  a  contnd  panel  oontaining  the  necessary 
switches,  meterB,  etc.  The  transformer  and  rectifier  bulb  are 
mounted  in  the  same  tank. 


•nie*  Dwrcurr  uc  nctifia.    Tbi 
Ent,    It  Gonnti  of  An  eihasfud 

n  each  of  the  two  upper  amii.  two 


of  the  tube.     It  b  submerKtd  in  oil  and  supported  in  a  rt^ninvihle  carrier. 

put  in  to  operation  by  finish  tly  shalcrngfit.     In  the  combined  unit  set,  this  shah 

pUshcd  by  an  elcclromaRnet  mouDtLd  above  the  tube  tank  and  operated  Ir^.'m  a  pou 

button  fiwit<:h  on  the  panvl.    An  automatic  ■baker  ia  aometmiefl  metalled  whkcb  viS 

uitomaticatly  Bturt  the  tube  vheci  the  set  ia  started,  or  if  ita  operation  should  beceov 

iatermt^  "liilo  in.  »rvicc.     The  energy  for  tho  operation  of  ihia  magnet  (110  toIO 

wUch  alio  lupptiva  energy  to  the  CKciting  tran^onner.    Thaoilin  which  the  tube  i;  placed 
ia  cooled  by  a  circulation  of  water  through  the  cooling  coils  on  the  inside  of  tbn  tube  task 

conditions,  dependinn  upon  the  temperat 

initallad  in  ateam  driven  autiona,  the  i 
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Ques.  Describe  the  construction  and  operation  of  the 
mercurjr  arc*  rectifier  shown  in  fig.  2,108. 

Ans.  Fig.'  2,108  is  an  elementary  diagram  of  connections. 
The  rectifier  tube  is  an  exhausted  glass  vessel  in  which  are  two 
graphite  anodes  A,  A',  and  one  mercury  cathode  B.  The  small 
starting  electrode  C  is  connected  to  one  side  of  the  alternating 


L 


— ^mm^ 

. mmmN 


J 


<Di 


(D 


AkJERHATINGamiKlII 
SUPPLY 


e 


e 


wt- 


-5-J 


»© 


© 


njsm^ 


e 

•  2.108. — ^Elementary  diagram  of  mercury  arc  rectifier  connections.  A.A.,  graphite  anodes; 
B,^  mercury  cathode;  C,  small  starting  electrode;  D,  battery  connection;  B  ana  P, reactance 
ooils,  G  and  H,  transformer  terminals;  J.  battery. 


circuit,  through  resistance;  and  by  rocking  the  tube  a  slight  arc 
is  formed,  which  starts  the  operation  of  the  rectifier  tube.  At 
the  instant  the  terminal  H  of  the  supply  transformer  is  positive, 
the  anode  A  is  then  positive,  and  the  arc  is  free  to  flow  between 
A  and  B.    Following  the -direction  of  the  arrow  still  fiuther,  the 

*N0TE. — ^The  terms  vapor  and  arc  as  applied  to  rectifiers,  do  not  indicate  a  different  pria* 
dptos  the  Wastioghouae  Co.  employ  tbo  fonner,  aod  thn  Q«Q.«s^^W:^A^^^<«**^&A^a^^«R-^ 
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current  passes  through  the  battery  J,  through  one-half  of  the 
main  reactance  coil  E,  and  back  to  the  negative  terminal  G  of 
the  transformer.  When  the  impressed  voltage  falls  below  a 
value  sufficient  to  maintain  the  arc  against  the  reverse  pressure 
of  the  arc  and  load,  the  reactance  E.  which  heretofore  has  been 
charging,  now  discharges,  the  discharge  current  being  in  the  same 


I    cl 

I 


FIO.  2,111,— Diagram  ehowii 


DC.  Rf *CIW<CE 
connrvtlDng  of  Geoerai  Electric  aeriea  DKRUiy  arc  n 


direction  as  formerly.  This  serves  to  maintain  the  arc  in  the 
rectifier  tube  until  the  pressure  of  the  supply  has  passed  through 
zero,  reversed,  and  built  up  such  a  value  as  to  cause  the  anode 
A  to  have  a  sufficiently  positive  value  to  start  the  arc  betweec 
yt  and  tbe  cathode  B.    The  discharge  circuit  of  the  reactance 


RECTIFIERS  1,521 

(xnl  E  is  now  through  the  arc  A'B  instead  of  through  its  former 
circuit.  Consequently  the  arc  A'B  is  now  supplied  with  current, 
partly  from  the  transformer,  and  partly  from  the  reactance  coil  E. 
The  new  circuit  from  the  transformer  is  indicated  by  the  arrows 
enclosed  in  circles. 

Ques.    How  Is  a  mercury  arc  rectifier  started? 

Ans.  A  rectifier  outfit  with  its  starting  devices,  etc.,  is  shown 
iti  figs.  2,114  to  2,116.    To  start  the  rectifier,  close  in  order  named 


direct  cuuent  producwl  « .    

frem  thf  itro  lint  u  illustrated  in  fin.  2 
nuinulu  the  curiEnl  through  the  tuh 
leiD,  bat  help*  to  imooth  out  th<^  pulsa 

of  the  cathode  tennlnal  of  the  tube  lo __.  _.  , -^.—-^ 

put  la  iU  dccult.  Thr  unaothiDg  aul  fITccI  of  the  leactsiKC  i)  ahawm  in  Sg,  «.113.  .. 
wUl  be  leen  frem  the  dianram  that  the  current  do«  not  drop  down  to  «ro  and  Uk  put- 
..  _.    ,..._.. cat  I  J.  Induced.    Then-avn  A.  A.etcBrefromihepoidtiTB 


of  thealternatina  current  lupply,  while  B.  B.  are  fr 

"    ■  nt.  flowim  in  the   nme 

the  dlagiBiD,  6f.  2,108. 


■Mkt  they  (onn  the  rectified 


line  switch  and  circuit  breaker;  hold  the  starting  switch  in  oppo- 
site position  from  normal;  rock  the  tube  gently  by  rectifier  shaker. 
When  the  tube  starts,  as  shown  by  gt««(o^'\i»fe\4!*^  ■*'^** 
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starting  switch  and  see  that  it  goes  back  to  normal  poatian. 
Adjust  tbe  charging  cuirent  by  means  of  fine  regulatkm  svitcli 
on  tbe  left ;  or,  if  not  sufficient,  by  one  button  of  coarse  regulatioa 
switch  on  the  right  The  regulating  switch  may  have  to  be 
adjusted  occasionally  during  charge,  if  it  be  desired  to  n 
charging  amperes  approximately  onstant. 


Ques.     In  the  manufacture  of  rectlflen,  could  otber 
metals  be  used  for  the  cathode  in  place  of  mcrcoiy? 
Aos.    Yes. 
Oues.    Why  are  thqr  not  used? 

Ans.    Because,  on  account  c^  the  arc  produced,  they  woald 
siadtiallT  wear  away  and  oonld  nob  \]KTednia&.<a«iHv^«&Ei- 
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In  thn  cue  ot  mercury,  the  excess  vapor  is  condensed  to  liquid  fcFttn 
I  in  the  large  glass  bulb  or  condensing  chamber  ot  the  tube  and  gravitata 

back  to  the  cathode,  where  it  is  usri  over  and  over  again. 

I        Ques.    In  the  operation  of  rectifiers,  how  is  the  heat 
generated  In  the  bulb  dissipated? 

Ans.     In  small  rectifier  sets  the  heat  generated  is  dissipated 


through  the  tube  to  the  air,  and  in  large  tubes  such  as  used  in 
wq^lying  40  to  60  kw.  for  constant  current  flaming  are  %hts 
tting  at  4  or  Q.6  aiQ.-^ete&.  \^'e^  \.->^Qft&  %x%.^xEEmu«ad  in  a 
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tank  of  oil,  and  cooled  omilar  to  the  anat^ement  used  for  oil 
insulated  water  cooled  transformers. 

Quea.    What  results  are  obtained  with  oU  cooled  tubes? 

Ans.  In  practice  it  is  found  that  the  life  of  oil  cooled  tubes 
is  greatly  increased  and  tempaature  changes  do  not  affect  the 
abili^  to  start  up  as  in  the  air  co(ded  tubes. 


Pk.  S.iao^-Goicnl  Eketrie  100  mlt  mercury  uc  ndifler  tabc    A.A,  uiodMi  B,  utbod*] 
C,  ■tATtins  uodfli  D,  tub«  or  bulb. 


Ones.    In  the  operation  of  a  rectifier,  name  an  taiherott 
feature  of  the  mercury  arc. 

-    Ana.    A  reverse  pressure  of  approximately  14  volts  is  pro- 
duced, which  remains  nearly  consbeoA  ^^tiscns^  tSGax>:«f&  ^>cm2^ 
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frequency,  and  voltage.  Its  effect  is  to  decrease  the  commercial 
efficiency  slightly  on  light  loads. 

Ques.  What  is  the  advantage  of  a  rectifier  set  over  a 
motor  generator  set? 

Ans.     Higher  efficiency  and  lower  first  cost. 

Ques.    What  is  the  capacity  of  a  rectifier  tube? 

Ans.     40  to  50  amperes. 

Ques.    How  is  greater  capacity  obtained? 

Ans.  When  a  greater  ampere  capacity  is  required,  two  or 
more  rectifier  sets  can  be  joined  to  one  circuit. 


Ques.  For  what  service  is  a  rotary  converter  twtter 
adapted  than  a  rectifier? 

Ans.  For  power  distribution,  and  other  cases  where  a  great 
amount  of  alternating  current  is  to  be  converted  into  direct 
current,  the  rotary  converter  or  large  motor  generator  sets  are 
more  practical. 

Ques.    For  what  service  is  a  rectifier  especially  adapted?  ' 
Ans.     It  is  very  desirable  for  chai^g  storage  batteries  for 
automobiles  from  the  local  alternating  current  lighting  circuit. 

When  the  consumer  installa  and  operates  the  apparatus  for  his  own  use 
and  wear,  there  is  conMderable  saving  over  motor  generator  sets  because 
a  smalt  one  to  ttfo  horse  power  motor  generator  outfit  has  an  efficiency 
of  only  40  to  60  [>er  cent,  while  mercuiy  vapor  rectifiers  will  bavb  aom 
75  to  80  per  cenL 

Ques.  What  precautions  should  be  taken  in  faiftiilUfig 
a  rectifier? 

Ans.  It  should  be  installed  in  a  dry  place  and  care  should 
be  taken  to  av<nd  daxLtl^n%  '^ka  tueax  t^  tube  to  orevent 
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puncturing.  If  the  apparatus  be  installed  in  a  room  of  uniform 
moderate  temperature  very  little  trouble  will  be  experienced  in 
starting,  while  extreme  cold  will  make  starting  more  difficult. 


""Electro- magnetic  Rectifiers. — Devices  of  this  class  consist 
essentially'  of  a  double  contact  rocker  which  rocks  on  pivot 
(midway  between  the  contacts),  in  synchronism  with  the  fre- 
quency of  the  alternating  current,  so  changing  the  connections 
at  the  instants  of  reversals  of  the  alternating  current  that  a 
direct  current  is  obtained. 

Fig.  2,121  is  a  combined  sketch  and  diagram  of  connections 
of  a  type  of  electro^magnetic  rectifier  that  has  been  introduced 
for  changing  alternating  into  direct  ciirrent.  The  actual  ap- 
paratus consists  of  a  box,  with  perforated  liietal  sides,  about 
ten  inches  square  and  six  inches  deep.  This  box  contains  the 
step  down  transformer  P,S,S',  and  the  condensers  K  and  K', 
the  magnets  and  contact  making  device  about  to  be  described 
being  fixed  on  the  polished  slate  top  of  the  box,  exactly  as 
shown  in  the  figure.  The  transformer  primary  winding  P 
may  be  connected  through  a  switch  5  with  a  pair  of  wajrs  on 
the  nearest  distribution  box,  or  to  a  plug  connection  or  lamp- 
holder,  and  the  apparatus  will  give  a  rectified  current  of  6  or 
12  amperes  at  20  volts,  according  to  the  size. 

S  and  S'  is  the  secondary  winding  of  the  transformeft  with 
a  tapping  t  midway,  joining  it  to  a  series  circuit  containing 
two  alternating  current  electro-magnets  E  and  E',  whose 
cores  are  connected  by  the  long  soft  iron  yoke  Y.  Pivoted 
at  P'  is  a  steel  bar  SB,  which  is  polarized  by  the  two  coils 
C  and  C  the  current  being  supplied  by  a  cell  A.      Fixed 
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rigidly  to  SB,  and  moving  with  it,  is  a  double  contact  piece  CP 
with  platinum  contacts  opposite  similar  ones  on  the  iixed  studs 
CS,  CS^ 

CP  is  flexibly  connected  through  F  to  one  of  the  direct  current 
terminals  T,  to  which  also  are  joined  up  one  coating  of  each 
condenser  K  and  K'. 


"XJ 


■nmier  Amperri  electromociMtic  rectifier. 


The  other  direct  current  terminal   T'  is  connected  to  the 
center  of  the  transformer  secondary  at  t;  and  CS  and  CS'  are 
respectively  joined  up  to  either  end  of  the  secondary  winding 
^^d  to  the  other  coat\n.u,s  cS.  ftw  coo&soisKn.. 
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When  fhe  alternating  current  dictdt  is  faroken,  the  springs 
SP»  SP,  carried  by  SB  and  bearing  against  the  adjustable  studs, 
keep  SB,  CS  and  CS'.  The  apparatus  thus  acts  also  as  a  no 
vciiage  circuit  br§aker^  for  should  the  supply  foil,  the  stora^ 
battery  A^  under  charge  will  be  left  on  open  circuit. 

The  action  of  the  device  is  briefly  as  fotbws: 

Owing  to  the  direct  current  in  the  magnetizing  coils  C  and 
Cf  one  end  of  SB  will  be  permanently  of  north  and  the  other 
of  south  polarity;  and  since  the  polarities  of  the  poles  E  and  £' 
will  alternate  with  the  alternations  of  the  transformer  secondary 
current,  SB  will  rock  rapidly  on  its  pivot,  and  contact  will  be 
made  by  turns  with  CS  and  CS'. 

The  purpose  of  the  condensers  K  and  K'  is  to  reduce  the 
sparking  at  these  points.  When  contact  is  made  at  CS,  the 
direct  current  terminals  T  and  T'  are  connected  to  the  S  half 
of  the  secondary  winding;  and  when  contact  is  made  at  CS', 
they  are  connected  to  the  S'  half.  Thus  a  rectified  tmidirec- 
tional  current  will  flow  from  T  and  T',  and  it  may  be  used  to 
charge  the  battery  A',  work  a  small  motor  or  for  various  other 
purposes  requiring  direct  current. 

When  the  rectifier  is  used  for  charging  storage  batteries,  the 
separate  cell  A  may  sometimes  be  dispensed  with,  the  winding 
C,C'  being  connected  to  one  of  the  cells  under  charge. 

The  rectifier  is  adjusted  to  suit  the  frequency  of  the  supply 
circuit  by  altering  the  distance  of  the  poles  of  E  and  E'  from 
the  ends  of  the  polarized  armature  SB;  and  also  by  changing 
the  tension  of  SP,  SP  by  means  of  the  screw  studs  against  which 
they  bear. 
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